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Abstract Model of MSG 

Summary 

This report describes the first phase of an experiment 
designed to demonstrate techniques for software development 
and evol oion. The experiment involves the production of a 
family of functionally similar systems on dissimilar host 
computers with markedly different operating systems. The 
basic technique being used is machine assisted stepwise 
refinement from an abstract model program that embodies the 
desired characteristics of the family members without 
overconstraining the individual implementations. 
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Ab stract Model of M3G 

1. Introduction 

An experiment in program development and  evolution  is 

under  way  at  Harvard's  Center  for Research in Computing 

Technology.  Its purpose is to test techniques  intended to 

reduce  the  cost  and  enhance  the reliability of software 

maintenance. 

The experiment involves the implementation of a system 

of moderate size and complexity that has been designed for 

the Defense Department and has been implemented fo^ several 

host computers by conventional means. The exemplary system 

is thus actually a family of programs sharing a common 

specification but having a number of markedly different 

implementations . 

ite  frequently.    Operating 

tnat must provide similar environments on different 

nications processors that must 

Such  families  occur  qu 

systems 

physical configurations, commun 

obServe a common protocol while running on a variety of host 

ilers of the same programming language for 

11 be regarded as comprising 
machines, and comp 

different target computers can a 

families. 

Our experiment deals particularly with the creation and 

maintenance of such program families, although the 

techniques we employ are effective in developing 

single-instance systems as well. Our aim is to show that by 

icentrating from the outset on the development of a family 
con( 
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Abstract Model of MSG 

of programs, designers can dramatically reduce the costs of 

producing a new member of the family and of maintaining its 

members in unison. 

1.1 The Exemplary System:  MSG 

The specific program we are experimenting with, called 

MSG, is the interprocess communications handler for the 

National Software Works (NSW) [Spec]. The NSW is a 

distributed operating system now being developed for the 

ARPA network It provides users of the ARPANET with a 

uniform means of accessing the tools and data bases of the 

network without having to know where they reside or how to 

deal with the idiosyncracies of individual tool-bearing 

hosts. 

An instance of MSG runs on each host participating in 

the NSW. In effect, it extends the local host operating 

system. It is responsible for starting and managing the 

processes which implement various NSW functions, such as the 

Works Manager, which assigns tasks to tool bearing hosts, 

the File Package which implements a distributed filing 

system, the Front End, which provides users with a uniform 

interface to the NSW, and the Foremen, which supervise the 

various tools. 

MSG routes messages between NSW processes, and, when 

necessary, establishes direct network connections between 

them.  Messages may be either  generically or  specifically 

iirriniimMti'rniinifr-ii ^- imilfTrfiiini    ,TiiKiM ^-^^i^üTrwrmtfiÜATiin-i   .  i«!1?H.!*mM,äii**t-,« \;^f**'*(m,mmmMi-,ir^~^^^ 1t#irMl i^TB-rr---"-----^—^■^-1--— -— 



Abstract Model of MSG ^ 

addressed. A generically addressed message causes MSG to 

seek or create a process of a particular class (e.g., Works 

Manager). Specifically addressed messages are routed by MSG 

to a precisely designated destination process. They are 

normally used after communication has been established using 

a generically addressed message. 

MSG provides facilities for ordering messages and 

synchronizing message streams with respect to unusual events 

or exceptions. Normally, MSG does not guarantee that 

messages will be delivered in the order submitted. The 

sending process, however, may specify that a subset of its 

messages to a given destination must be delivered in the 

sequence sent, and that such sequenced messages must not be 

sent if earlier members of the sequence were not deliverable 

for some reason. 

To permit interprocess signalling of exceptional 

events, MSG provides for high priority transmission of short 

communications, called alarms. Alarms are handled 

independently of pny message traffic between the sending and 

receiving processes. They can be used to facilitate 

resynchronization of a message interchange. 

To aid synchronization of messages with alarms, MSG 

permits certain messages to be stream-marked. A 

stream-marked m ^sage will be delivered after any prior 

messages to the same destination and before all those sent 

subsequently. 



Abstract Model of MSG -j 

Instances of MSG on different hosts communicate using a 

protocol that provides for the establishment and termination 

of MSG-to-MSG network connections and for all three types of 

communication  supported  by  MSG:   messages,  alarms,  and 

direct connections between processes.  The message  protocol 

includes  items  that  facilitate  flow  control so that the 

burden of buffering messages  can  be  distributed  between 

sender and receiver when traffic is heavy. 

Further ietails on the functions performed by MSG and 

on the MSG-to-HSG protocol can be found in the MSG Design 

Specification [rpec]. A familiarity with the specification 

will be assume^ In section 2 of this report. 

1.2 Method of Development and Evolution 

Our hypothesis is that program maintenance can be made 

less costly and moie depe/iable if system designers view 

their task as the design of a program family whose members 

are derived from a common ancestor, or root, which we call 

the abstract model for thft family. Use of the term 

"abstract" is not intended to imply that the model is a 

formal mathematical object. Rather it is a program written 

with sufficient generality that members of the family can De 

obtained b> specialization of it. 

Concrete program instances are derived by a sequence of 

refinements from the abstract model. Each refinement 

encapsulates related design  decisions  that distinguish a 

fa^^ .v^^^-r^^.^waMi^^-.-~-^-^ H r i:iiaiii'riir'^=-=-iä^i^A-^-' ' ' i'  „n'H fr nrri. w'-^^fj^^i-r^'^r^^^^^^*^^—^ ' ^ ----"'^^''*^':^ix--~i~ ■ 



Abstract Model of MSG 

class  of  concrete  instances.  A refinement may ,iiv3 

definition to a procedure, a data structure,  or  a control 

pattern left unbound at the abstract level, or it may modify 

or augment such constructs.  The program family thus forms a 

tree,  with the abstract model  at the root, the concrete 

instances at the leaves,  particular refinements lal ling 

branches,  and  interior  nodes that represent classes of 

instances sharing a common set of refinement choices. 

We have developed, and are constantly improving,  tools 

that aid developers by maintaining the family tree in a data 

base and by mechanizing the task of applying refinement 

sequences.  Using  these tools, a new member of an existing 

family is less expensive to  produce  than one developed 

separately  because  the basic model and most of the 

refinements that yield the new version will be shared with 

existing  instances.   Moreover,  modifications  to broad 

subfamilies can be effected in unison, by  applying altered 

refinements that reflect revised design decisions and simply 

reapplying those not affected. 

Our techniques are not restricted to programs like MSG 

that must exist in many functionally similar but internally 

disparate versions at the same time. The history of every 

evolving program is a series of closely related versions, 

which themselves comprise a family. The clear isolation of 

the individual design decisions leading to a particular 

instance presents the maintainer  with a picture of its 

^^-.^-.^^^.-^-^a-^,.^.. ■■^-_ ...— :—^^^i^-^-^^^ L¥t__.^^._r_,_^; ...--,„ ^^ ^Ulrimr-Miriifrrf ii i   v ifii'M ri rirr naa nv    i   ' ■--,...-^r   -   ,-   „--^r---Tr rrirVifini iii   Miliir-iirirraMiiriiii-r 



Abstract Model cf MSG 7 

structure that enables him to understand the ramifications 

of a particular modification better than can a single-level 

representation of a system. 

This approach is particularly beneficial if the 

software engineer charged with modifying or expanding a 

system has not been involved in its prior development. 

Instead of confronting a finished product together with some 

documentation about what it does, he has access to 

information about how it was constructed: why particular 

decisions were taken, and what the effects of changing them 

would be. He has tools that permit him to take the program 

apart and reconstruct it easily, to generate a new version 

or to revert quickly to an old one. 

In short, with these techniques, the roles of initial 

developer and maintainer tend to merge. The maintainer can 

afford to leave the system in as clean and well-structured a 

state as its originators, even after several stages of 

evolution. By contrast, systems developed by conventional 

methods often reach an overmaintained state after a few 

successive versions have been produced. After this point, 

the quality of each version may well deteriorate rather than 

improve [Belady]. 

Another aspect of software construction that fits 

naturally into the family maintenance framework is the use 

of library procedures and data abstractions. An implementer 

often needs to take a general algorithm or data definition. 

•"v iriiiMriirim -^- ■ -^-       ^ ■iat'— f rHr-iV- ^^g^^*E^"'T1= --^ ^äSEs 
^fitfir^Wi-^-^fTh^ir,.!.-   -r ■■       ..^.~-^-:i..--f.,w    .      |.i-|.|. 



Abstract Model of MSG 8 

with known properties of correctness and performance, and 

specirlize it to a particular task, with particular physical 

data representations. Sometimes many distinct realizations 

of the same abstract notion will be used in a single system. 

The specialized versions of such library modules also 

constitute a family whose members can be produced and 

maintained using the tools we are developing. 

1. 3 Reaso. s for Choosing MSG 

The MSr*- paradigm is a good  basis  for  our  experiment 

because it is a family of communicating programs and because 

teresting maintenance requirements, drawn from  experience 

with the NSW  can be anticipated in the near future. 

Instances of MSC should appear to function identically 

in spite of highly dispaiate host systems. Since they must 

communicate effectively, the behavior of each ..iust be 

closely coupled to that of the others. When one MSG 

instance is altered in an externally observable way, all 

should be alt red in unison. 

The MSG-to-MSG protocol is relatively simple, but the 

operating environment is imperfect. Hostf. may die, or pause 

indefinitely; processes may also die, or they may change 

their minds; interhost connections may drop. These 

possibilities introduce complexities in interhost MSG 

communication which are virtually impossible to capture in a 

nonprocedural English, item-by-item protocol  specification. 

!afc_j^^>^^^ n irri --iiri/ riir"-^ '-'-^^^^^■^^'^^^„ivi, ,     , '   ^—^-^^.—^-^-^ a. :■   :.,.,^ä^|rt^'-^lr---^^TWr.^w^^-^^JJ^^^Ji^^^ nr-ir- TI I I-J-" ~ ^--.-.-i.- 



Abstract Model of MSG 

Sue h  a  specification,  indeed.  is aimed at minimizing the 

imum description of external behavior in order to give maxi 

flexibility to implementers and maintainers of individual 

instances. Unfortunately, the use of imprecise interface 

specifications ^hen interfaces are potentially complex can 

I lead to inefficient, defensive strategies, or much worse, to 

1  inconsistent interpretations by different implementers. 

Our view is that each instance of MSG should be 

constructed as if it were to communicate with an exact 

replica of itself. The abstract model of M3G thus provides 

a precise description of the behavior of any instance in any 

circumstance, and this knowledge can be use^ in realizing 

arv concrete version. Tuere is no harm in this mutual 

knowledge because the family members are maintained in 

unison. Useful flexibility, that needed to acccmodate 

differences in host facilities and resources, results from 

the aostractness of the model. 

KM Phase One:  The Abstract Model 

During the first phase of the project, we have 

constructed an abstract model of MSG. In later phases, we 

plan to refine the model to two concrete instances on 

dissimilar target machines, the DEC PDP-10 and PDP-11, 

running the TENEX and UNIX operating systems, respectively. 

.        -,'-  - v^v3är^--=^i»isa»^^^-»c'-^ - ■—--^.BiiÄlraf i, n, ff* -Wn-jWra-rrTrT  ^-■-^-  _.  



Abstract Model of MSG 10 

The remaining sections of this report are intended as a 

guide to readers of the model, which appears in the 

appendix. Section 2 provides an overview of the model 

itself. It assumes some familiarity with the MSG Design 

Specification. Section j describes the modelling language 

and highlights some of the features we use to aid both the 

readability and refinability of abstract algorithms. 

•• 
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Abstract Model of MSG 11 

2- Guide to the MSG Model 

2. 1 An Overview 

MSG instances on each of the participating hosts link 

the NSW together by carrying out communication between the 

processes that comprise it, as depicted in figure 1. The 

double shafted arrows in this picture represent channels for 

interprocess communication. Those linking processes on 

different hosts will be implemented using network 

connections. Those between processes on the same host will 

be realized using whatever interprocess communication (IPC) 

facility is most suitable on that host. Some hosts, such as 

CCN (360/91), offer an IPC facility that closely resembles 

the channel abstraction we have used in modelling MSG. On 

others, such as TENEX, direct communication via shared 

memory may 'be best. We neither assume nor prohibit 

hierarchical relationships between MSG and the processes it 

serves. Depending on the host operating system (if any), it 

may be useful to organize processes hierarchically in order 

to achieve the most effective IPC. 

In our model, each MSG instance is structured as a 

collection of paths serving specialized functions and 

sharing a common data base. Paths, like processes, are 

potentially concurrently executable control units. We 

distinguish "path" from "process" to emphasize that paths 

internal to MSG may or may not be implemented using the 

process management facilities of the host operating  system. 

.s^^^j^^smf^-riirrf fr' f" ■'»""'tir-f nfnr-Trt   . tl» mTmlliTii 
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c 

Direct Connection 

C 

Local 
Processes 

[PROCESS] 

Local MSG 

Figure   1.   MSG   Internal   Structure  and   External   Interfaces 
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Abstract Model of MSG 12 

For  each transaction that MSG processes, that is, for each 

message and alarm sent or received  and for  each direct 

connection  established,  the data base holds  a record 

describing the state of the transaction. 

The modules that comprise the MSG model are: LOCAL, 

which defines the interface between MSG and local processes, 

REMOTE, which contains the network interface, QUEUE, which 

includes routing algorithms and data base management 

routines, CANCEL, which expunges transactions that, for one 

reason or another, cannot be completed, and DRIVER, which is 

responsible for initialization of MSG and of local 

processes. Another module, GLOBAL, collects the common 

(among modules) data definitions for the model. Fj-nally, 

PROCESS is a small module that contains the routines that 

must be embedded in processes for use in initiating MSG 

primitive operations. 

Within MSG there is a server pair for each user 

process. A server pair is a pair of paths whose separate 

functions correspond roughly, though not exactly, to input 

and output. In the case of a process server, the two halves 

correspond to the two phases of many MSG primitive 

operations. The first is the call phase, in which MSG 

accepts and validates arguments. If the call is acceptable, 

the process is allowed to continue execution while MSG 

proceeds with its request. When the transaction is 

complete,  the second,  or delivery phase of the primitive 

rmirtumr-^-^^- -^•^-^-^^^^---H1j1;ll -,.■,-- -minMaiffM-iliiliim^TiMim^        firi-rmm'n iiiinTiirn  -       rifiTrrFrhri-TfTmfiifiiTr,iTin-ft^~^^^ 



Abstract Model of MSG 13 

operation occurs, in which the disposition of the 

transaction is transmitted to the process, along with any 

incoming information, such as message text, an alarm code, 

or a network connection d3si2nator. Primitive operations 

that occur in two stages this way are said to create pending 

events for later completion. 

The model does not fix the number of user processes 

assigned to a given server pair. There may be one pair per 

process, one per generic class, one for all processes, or 

some other configuration if convenient. If there are 

multiple server pairs, each is identical in operation to the 

next.  They share the procedures given in module LOCAL. 

Symmetrical with the set of user process servers is 

another set of server pairs called network servers. A 

network server implements the inter-MSG protocol by 

formatting and transmitting protocol items from the local 

MSG to instances of MSG on other hosts, and receiving items 

from other hosts and translating them into internal MSG 

records. In a given realization of MSG, each network pair 

may handle a single remote host or several of them. Like 

the local process servers, each network server is identical 

with the next. All share the algorithms given in module 

REMOTE of the model. 

The paths labelled ICP and Auth in figure 1 are also 

defined in the module REMOTE. They take part in the 

establishment of connections with remote hosts.  ICP  (which 

--rf-rrT-H^1^" '-^"""«■iil -1 liTH r m  ■■ mi -- V'i ■ ^nimirrTTJifirBT'- " nn^TrTJfMrirn^- r  rMm^mtiaf- ^  --'—-- -^^^^L:,,^^.^^^^:^:^.^^^^-- '--r ^■::.:,ii.!i^^...-^^.-,^K^ 
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stands for Initial Connection Protocol) is activated when 

another host initiates a connection with the local MSG. 

Auth is used in authenticating the identity of the local MSG 

when it has initiated a connection with an MSG instance on 

another host. 

Timer is MSG's clock-watching path. For most of the 

states in which a transaction can be, it is desirable that a 

limit be enforced on the amount of time allowed to elapse 

without some progress being made. Time limits are specified 

when a user process issues a primitive call, and they are 

also set in certain states by MSG in order to implement its 

flow control policies. The Timer path, defined in the 

module CANCEL, manages a queue of transactions sorted in 

order of their expiration times. It uses a real time clock 

interrupt to generate timeout signals, and it responds to 

them by aborting expired transactions and expunging their 

records from the system. The intent is that, given a long 

enough quiescent period with no incoming or outgoing 

transmissions, MSG will tend to return to its initial state. 

(There are exceptions to this rule, however. Direct 

connections to other hosts, for instance, do not expire 

whether or not they are used.) 

The remaining internal path shown in figure 1, called 

Driver, is the first to be executed when an MSG instance is 

executed. It performs initialization tasks, including the 

creation of local  processes  and  server paths.  In some 

.,- :...    :  _ 
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realizations of MSG, the Driver may be a superior of the 

paths comprising MSG, and indeed may act as a scheduler for 

them. These details are omitted from the abstract DRIVER 

module, however, since they depend critically on the nature 

oT the underlying host's facilities. 

The single-shafted arrows in figure 1 denote direct 

communication among internal MSG processes via a shared data 

base containing records for each transaction known to the 

system at any moment. The routines that manage this data 

base are contained in the MSG modules called QUEUE and 

CANCEL. The data base manager is not a separate path. 

Rather, the routines in QUEUE and CANCEL are called by the 

internal paths of MSG to access and alter the data base in 

response to particular stimuli such as the arrival of a 

protocol item on the network, the execution of a user 

primitive, or the expiration of a time limit for some 

transaction. QUEUE is so named because its primary task is 

to enqueue items for output over the network or for delivery 

to local processes. CANCEL contains routines to discard 

incomplete transactions when they must be aborted. 

The data base is composed mainly of transaction records 

defined by the data types MessBlock, AlarmBlock, and 

ConnBlock, one for each of the three modes of communication 

supported by MSG. These types are defined in the module 

GLOBAL. To emphasize the fact that these records are shared 

among multiple  paths and are accessible via several routes 

^ .^  -... ^■__.^^^3^ , . r.-^-^-^^r ^-T«^^ 
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at once in the data base, the model usually manipulates 

"handles" on records. The data type MessHandle, for 

instance, has the abstract behavior of a pointer to a 

MessBlock (though it need not be realized as a pointer in 

concrete versions of MSG). Collections of message records 

are expressed as sets or queues of MessHandles. 

The anchor points from which most records in the data 

base are accessed are the data structures ProcessTable, 

ServerTable, Hosts, TransactionTable, GenericTable, and 

TimerQ. ProcessTable maps process names (and, in 

particular, the process instance identifiers within process 

names) to ProcessHandles. Every local process managed by 

MSG has a ProcessHandle in ProcessTable. The data 

accessible through a ProcessHandle (see module GLOBAL for 

all global data types) give the state of MSG's interaction 

with the process, including the pending primitives waiting 

to be completed, incoming messages and alarms waiting for 

delivery, and direct network connections to other processes. 

ServerTable contains a record for each of i-he process 

server and network server pairs internal to MSG. This is, 

in general, a dynamically varying collection, since there 

might be a server pair for each active user process and 

remote host connection. An important component of the 

record for each server is its delivery queue, which is 

filled with transaction records produced by other paths and 

emptied  by  the server  as the items are attended to.  The 
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delivery queue of a local process server holds the pending 

events ready to be completed. That of a network server 

contains protocol items awaiting transmission. 

Hosts includes an entry for each remote host with which 

MSG has established contact. Among other fields, the remote 

host entry holds the Incarnation number of the MSG instance 

running on the remote host, and a set of ChannelHandles that 

describe the connections currently open to that host for use 

by MSG. 

Since some transactions handled by MSG involve the 

exchange of several protocol items, it is convenient to have 

each MSG instance assign a unique identifier to the 

transactions in which it is involved. TransactionTable is 

used in the assignment of these identifiers, which are 

designed to repeat very infrequently. It also gives quick 

access to the data base record for any transaction, given 

its transaction identifier as a key. 

GenericTable has an entry for each generic process 

class, such as Works Manage^ or File Package. It contains 

records needed to start a new process of a given class, and 

It indicates which NSW hosts support each generic class, so 

that an outgoing generically addressed message can be 

routed. GenericTable also contains holding places for 

incoming generic messages when it is not possible to assign 

them immediately to specific processes of the proper class. 

.   _. ^-^.__.....-  _    . .   -  ..■.^-.,.- ...-^^ ^.A^^^i^^Ute-^^^^a^^L^.r^.'^^-^fci^.J^.^^^---^ ■•■=-:. ^^„iiiiüÄÄäi 
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TimerQ is the queue of transactions being timed by 

Timer, sorted in order of expiration time. 

Of course, with multiple parallel paths accessing and 

altering shared records, it is necessary to employ a record 

locking mechanism to guarantee orderly sequential access. 

This mechanism is invoked in the model through the 

primitives Seize, TestSeizo, and Release. Seize blocks the 

calling process until exclusive access can be granted to the 

caller. Release unlocks a previously seized resource. 

TestSeize attempts to seize a resource, but does not block 

if it is unsuccessful. Instead, it returns a Boolean value 

indicating success or failure. 

Although these primitives are used in the MSG model, so 

that it can be checked for errors such as deadlock, the 

implementations of Seize, TestSeize, and Release are 

deliberately left unspecified. In some purely sequential 

realizations, there will be no need for locks and these 

primitives can be refined away. 

Storage management of records presents a similar 

situation. The routine Allocate is used to enter new 

records in the data base, and Free is used to indicate that 

one reference to a record has been deleted. However, the 

record may only be reclaimed when all such references have 

been, eliminated. If Free cannot safely reclaim storage, it 

simply performs a Release. The detailed mechanisms for 

ensuring  that  storage can be reclaimed safely are deferred 
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to a lower level of refinement. 

^•^ The Interface Between MSG and Local Processes 

The modules PROCESS and LOCAL model the interface 

between MSG and the local processes it serves. PROCESS 

contains routines to be loaded with user processes and 

called by them to initiate MSG primitives. These routines 

are quite simple; they merely transmit arguments to MSG and 

guide results into place. LOCAL contains the procedures and 

tables used by each pair of server paths which implement the 

primitive operations. 

2.2.1 Communication Between MSG and Local Pro cesses 

In the abstract MSG model, processes communicate with 

MSG by way of signals and channels. The particular 

mechanisms used were chosen to make the model as simple as 

possible within the constraint that they must be realizable 

in a variety of host systems. 

A signal is a dataless communication between two 

processes used to herald events and achieve synchronization. 

Ir. MSG, signal identifiers of type SignalType are used to 

distinguish among the several signals with different 

meanings that may be in use between two processes. The 

expression SIGNAL(<signal identifier^ sends the designated 

signal. WAIT(<sigp.al set>) blocks the calling process until 

a member of the designated set of signals is received.  n 

tT'^.^n^i^^iä^^^^^^.„^-.,.^.^.-^^^^:-^^^^^^^^z=i^—. -'.-^^^-^—-^^«-i ^   -n    „n  ■iiithiiir iiimiiiiiririrn;~:j"^-"iinirT--- - 
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returns the identifier of that signal as its result. 

A channel is opened between two processes when each 

calls CHOPEN with the same channel identifier and compatible 

channel descriptors. SEND(<data list>, <channel>) is used 

to send a group of data over a channel. SEND always blocks 

the calling process until the data have been received. 

RECEIVEUvariable list>, <channel>, <block flag>) fills the 

elements of a list of variables by reading from a channel. 

RECEIVE's third argument is a Boolean which, when TRUE, 

causes the calling process to block until the whole variable 

list has been read. If this argument is FALSE, the caller 

may proceed while the data are being read. Presumably, in 

the latter case, the caller has another way of knowing when 

the transmission is complete. For example, the sender may 

use a signal to alert the receiver. 

A channel may be closed from either side using the 

CHCLOSE operator, but it will be closed only after data in 

the channel have been received. 

CHOPEN, CHCLOSE, SEND, and RECEIVE are specified in 

module GLOBAL. 

PROCESS and LOCAL use a few notational extensions for 

dealing with channels. The expression <X1, ..., Xk> r', > CH 

is equivalent to SEND(<X1, ..., Xk>, CH), which sends the 

successive values XI though Xk over channel CH. Similarly, 

<V1, ..., Vk> <|= CH stands for a non-blocking RECEIVE call: 

smmrftrrem^m^mBm 
nf^-,-^-frmii--T^fr-■",^l   r     _ _ 



Abstract Model of MSG 21 

SECuIVEUVI, ..., Vk>t CH, FALSE) 

while <  , ..., Vk> <!!= CH stands for a blocking RECEIVE: 

Rr.:;iVE(<vi, ..., vk>, CH, TRUE). 

Also, <F1, ..., FnXM) is equivalent to <M.F1, ..., M.Fn>. 

2.2.2 Primitive Routines Within User Processes 

Module PROCESS contains a routine definition for each 

primitive defined in the MSG specification. Each consists 

of a call on one general routine, PCal1.. PCall has four 

arguments; Op identifies -he particular primitive being 

invoked; SendList is the list of data that must be sent to 

MSG to allow it to execute *-he operation; ReceiveList is a 

list of variables to be filled by the time the primitive 

completeb; and CreatesPendingEvent is bound to TRUE for 

those primitives that occur in two stages, i.e., that create 

pending events. In addition, PCall sets the variable 

PendingEvcntID, which is an output parameter of every 

pending event creating primitive routine. 

As an example, the body of the ReceiveSpecificMessage 

primitive is; 

PCall("ReceiveSpecificMessage". 
<Signal, Timer>, 
<Text, SourceProcess, Handling, Disposition^ 
TRUE) 

Here Signal represents the signal identifier chosen by the 

calling process for MSG's use in sign« Hing completion of 

the Receive. By convention, a special value of Sigr.alType 

can be usea  if the caller wishes the primitive to block 
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until completion instead of returning while the transaction 

proceeds. Timer is the maximum delay the calling process 

will allow before satisfaction of the Receive request. 

Text, SourceProcess, Handling, and Disposition are the 

output variables into which the results of the Receive are 

to be placed. Text will hold the actual message; 

SourceProcess will be the name of the sending process. 

Handling will indicate what special handling the message may 

have, and Disposition is a code that indicates whether the 

operation succeeded or failed, and if it failed, then why. 

Every process has a channel, called MSGChannel, 

permanently open to MSG. It is used fo- those primitives 

that do not create pending events and f^r trie call phase of 

those that do. PCall uses MSGChannel to send the identifier 

Op and the SendList parameters to MSG, and then waits for 

its reply on the same channel. MSG answers with a 

disposition code. If this code indicates some error, PCall 

terminates the primitive by returning the error code. If 

MSG's reply is normal, and the primitive does not create a 

pending event, then the rest of the data for the ReceiveList 

come over MSGChannel, and the primitive returns an 

indication of normal completion. 

For pending event  primitives  that get past initial 

validation.  MSG sends  back  an  identifier  which will be 

uniquely associated with  the  current  transaction. PCall 

assigns  this  identifier to PendingEventlD.  It can be used 
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by the calling process to rescind a pending event before  it 

has completed. 

PendingEventlD is also used to open a new channel to be 

used exclusively for the completion of the current 

primitive. Then PCall issues a RFCEIVE for the ReceiveList. 

Depending on whether the caller has asked co block until 

completion or to be allowed to run, PCall will block or 

return immediately. In the latter case, MSG uses the given 

signal to alert the user process that the primitive has 

completed. 

2.2.3 The Local Process Servers 

The other side of the PROCESS-LOCAL interface is 

encoded in the server pair assigned to the user process. 

The main procedures for the pair of paths comprising the 

server are UserCallServer and UserDeliveryServer. These in 

turn select procedures for handling the individual MSG 

primitives. All of these procedures are contained in module 

LOCAL. 

The handling of a SendSpecificMessage is typical of how 

the server pair deals with pending event primitives. 

UserCallServer monitors the permanent channels to the 

processes it is responsible for. When it receives an 

operation code over one of these channels, it dispatches to 

the appropriate handler, as given by OpTable. The handler 

is given the OpCode (since the same handler may  implement 
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more than one primitive), the channel to the local process, 

and a ProcessHandle for the process. In the case of a 

SendSpecificMessage, UserCallServer calls StartSendMessage, 

StartSendMessa^e receives the parameters sent by the 

user process and validates them. If it finds an error it 

aborts the primitive right away, sending an error code to 

the process. Otherwise, it indicates that the call phase 

will complete normally by sending the code "Incomplete". It 

assigns a transaction identifier and sends it to the user 

process, and it uses this identifier to open a new channel 

for completion of the event. Finally, a transaction record 

is created for the message and is passed to EnQOutputMess, 

one of the routines exported by QUEUE. 

Eventually, the transaction will be placed in the 

delivery queue of the server and will be found there by the 

UserDeliveryServer. This path uses the original operation 

code to dispatch to a handler for the delivery phase. In 

the case of SendSpecificMessage, the delivery handler is 

EndSendMessage. EndSendMessage finds the channel opened for 

this transaction and sends the disposition code (the only 

output value in this case) to the process. It then uses the 

signal supplied by the process to signal completion of the 

event, and it frees the transaction record for the message. 
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2. 3 Message Routir.g and Data Base Mar.a^ener.t 

As mentioned in the overview, the modules QUEUE and 

CANCEL contain rowtines that respond to events which drive 

MSG: execution of primitives, receipt of protocol items, 

timeout of events, and so on. In particular, QUEUE embodies 

most of MSG's routing and buffering algorithms: finding a 

specific destination for generically addressed messages, 

deciding whether to buffer or reject messages that cannot be 

delivered immediately, sequencing the transmission of 

"special handling" messages, and the like. This section 

summarizes QUEUE'S algorithms for each class of 

communication supported by MSG. The next section discusses 

the CANCEL module. 

2.3.1 Message Handling 

2.3.1.1 Outgoing Messages 

Figure 2 is a state transition diagram for an outgoing 

message. The initial state is labelled "No MESS pending". 

Arcs representing transitions have labels of the form 

Stimulus/Response. Here "stimulus" describes the event 

giving rise to the transition, and "response" describes 

MSG's action (if any) upon entering the new state. 

"SendMess/send MESS" (transition 2), for example, denotes 

the execution of a SendGenericMessage or SendSpecificMessage 

primitive by a local process. MSG's response is to transmit 

a MESS protocol  item  to the destination and place the 
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C 

C 1:  MESS-OK/  — 
MESS-REJ/   -- 
MESS-HOLD/send MESS-CANCEL 

2: SendMess/s3nJ MESS 
3: MESS-REJ/aborc SendMess „,„„,., 

Buffer needed or Timeout/send MESS-CANCEL, 
abort SendMess 

U: MESS-OK/co-nplete SendMess 
MESS-REJ/abort SendMess 
MESS-HOLD/send MESS-CANCEL, 

aborc SendMess 
Timeout/abort SendMess 

5: MESS-HOLD/send HOLD-OK 
6: XMIT/retransnit MESS 

C 
Figure 2. State Transitions for Outgoing Messages 
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transaction in the state "Awaiting MESS-OK". At the sa-ne 

time, a MessHandle representing the transaction is placed in 

the OutputMessQ associated with the the sending process. 

The response to a MESS itcn can be acceptance (MESS-OK), 

outright rejection (MESS-KEJ), or a request to hold the 

message until the receiving MSG can ask for retransmission 

(MESS-HOLD). If the source MSG decides to accept the 

request to hold, it signifies by sending HOLD-OK and places 

the transaction in the state "Awaiting XMIT" (transition 5). 

Receipt of an XMIT protocol item will stimulate 

retransmission of the MESS (transition 6), or the 

transaction may die through receipt of a rejection or 

through old age (transition 3). 

The self-loop from the "No MESS pending" state 

(transition 1), which responds to a MESS-HOLD for a 

non-existent transaction by sending MESS-CANCEL, is the 

result of the model's handling of timeouts. If the 

transactions's time limit expires while it is in the 

"Awaiting MESS-OK" state (transition 4), no MESS-CANCEL is 

sent to indicate that the message has been aborted. Thus, 

if the remote MSG later shows an interest in continuing the 

transaction, it is necessary to cancel it explicitly. 

The routines in QUEUE that implement transitions shown 

in figure 2 are EnQOutputMess, RecordMESSXOK, 

RecordMESSXREJ, RecordMESSXHOLD, RecordXMIT. 
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2.3.1.2 Incoming Messa3es 

Figure 3 shows what happens at the receiving end of a 

similar transaction. Here the initial state is labelled 

"Awaiting MESS". In this state, either there is no 

transaction pending at all, or a ReceiveMess primitive has 

preceded the arrival of a matching MESS item. In the latter 

case, a MessHandle for the transaction is queued in the 

ReceiveMessQ of the receiving process. 

When a MESS item arrives, it may be accepted outright 

(transitions 3 and 4), or rejected outright (transition 4), 

or the receiving MSG may ask the sender to buffer the 

message (transitions 1 or 2). Transition 3 is taken when no 

matching ReceiveGenericMessage or ReceiveSpecificMessage 

primitive has been issued by a local process. Transition 1 

occurs when the sending MSG has offered in advance to buffer 

the message, if necessary, and the receiving MSG has 

accepted the invitation. 

When there is some delay in delivering the message, its 

MessHandle waits iv the InputMessQ of either the appropriate 

generic class (if the message is generic) or the destination 

process (if it is specific) until it can be disposed of. In 

the "Awaiting ReceiveMess" state, either a Receive primitive 

is executed and the message is delivered, or the time limit 

placed on the transaction expires and the MessHandle is 

deleted (transition 14). 
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L 1: Mc,3S(lJoU0k)/s9nJ MESS-HOLD 
2: MESS/send MESS-HOLD 
3: MESS/sen^ MESS-OK 
U: MESS/sond MES3-0K, 

complete ReceiveMess 
MESS/s^nd ME3S-REJ 
HOLD-OK/send XMIT 
MESS-CANCEL/ -- 
ReoeiveMess/ -- 
Buffer free/send XMIT 
MESS-CANCEL/ -- 
Timeout/s^nd MESS-HEJ 
MESS-CANCEL/ -- 
Timeout/ -- 
HOLD-OK/ -- 
HOLD-OK/send XMIT 
MESS/send ME3S-0K, 

complete ReceiveMess 
MESS/send MESS-REJ 
MESS-CANCEL/ -- 
Timeout/ -- 

11: MESS/send MESS-HOLD 
12: ME3S(Hold0k)/send MESS-HOLD 
13: MESS/send MESS-OK 
IM: ReceiveMess/complete ReceiveMess 

Timeout/ -- 

5: 
6; 

8: 
9: 

10: 

Figure 3. State Transitions for Incoming Messages 
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In the "Awaiting HOLD-OK" state, a proper stimulus is 

either MESS-CANCEL or HOLD-OK. MESS-CANCEL terminates the 

transaction (transition 7) and causes its record to be 

deleted. HOLD-OK may cause MSG either to send an XMIT 

(transition 9):. if buffer space for the message has become 

available, or simply to put the transaction in the "Held by 

sender" state (transition 8). 

Transactions get out of the "Held by sender" state 

either because the sender can no longer afford to hold a 

message and sends MESS-CANCEL (transition 6), or because 

sufficient buffer space becomes available to enable MSG to 

request retransmission of the message by sending XMIT 

(transition 5). The state "Awaiting retransmission" is 

almost equivalent to the initial state "Awaiting MESS" since 

the same responses are possible for a retransmitted message 

as for an initial message (though a request to re-hold is 

unlikely). One point of difference is that the initial 

state has transitions for HOLD-OK and MESS-CANCEL 

(transition U). Like the initial state self-loop in figure 

2, these result from the decision not to flatly terminate a 

transaction which has timed out. In this case, if a timeout 

occurs in the state "Awaiting HOLD-OK" (transition 7), MSG 

deletes the transaction without sending MESS-REJ. If, 

later, a HOLD-OK arrives for that transaction, MSG responds 

by inviting retransmission (XMIT). If a MESS-CANCEL comes 

in for a discarded transaction, it is just ignored. 
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fhe routines that implement the transitions of figure 3 

are EnQInputMess, EnQReceiveMess, Recorc'lOLDXOK, and 

RecordMESSXCANCEL. 

2.3.1.3 Generically Addressed Messages 

An aspect of MSG•s message handling procedures not 

displayed in figures 2 and 3 is its treatment of generic 

messages. On output, a generic message with 3 specific 

destination host is treated just like a specifically 

addressed message. If no host is specified, however, MSG 

must choose one from a list of hosts supporting the chosen 

generic category, e.g., Works Manager. If the message is 

not accepted by the first host, MSG tries the others in the 

list until either the message is ccepted or the list is 

exhausted. To implement this search, MSG (in EnQOutputMess) 

marks such a message as having been hostless , and then 

assigns it the first host suitable for its generic class. 

The handler of message rejections (RejectOutputMess, a 

subroutine of RecordMESSXREJ) recognizes a transaction that 

has been marked as hostless, and chooses the next host in 

the list. If the list is exhausted, the pending 

SendGenericMessage is aborted. 

When a generic message is received, MSG first looks for 

a destination process of the right category that has issued 

a ReceiveGenericMessage. If none is available, it will try 

to  start  a new process of the generic category and deliver 
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the message to the new process. If the quota for such 

processes has been reached, and the option of holding the 

message has not been ruled out by the sender, MSG will queue 

the message in the InputMessQ for the generic category until 

a process issues a matching Receive or until a new one can 

be created. 

2.3.1.^ Message Flow Control 

To help determine when to request  that  a  message  be 

held  by  its  sender and when to prompt its retransmission, 

MSG maintains two  counts  for  each  potential  destination 

process   and   for   each  generic  category.   The  first, 

FreeBufferSize,  gives  the  amount  of  text  buffer  space 

alloted  to  the  process  that  is  not  already  in use by 

messages   to  or   from   that   process.    The   second, 

CommittedBuffer Space,  is  the  total  text  length of  the 

messages currently being  retranrmitted  by  their  senders. 

The  value  of  FreeBufferSize  less CommittadBufferSpace is 

called VirtualFreeSpace.  VirtualFreeSpace :s used to decide 

when  lo stimulate retransmission by sending XMIT.* When its 

value rises above a threshold, either through the freeing of 

some  buffer  space  or  the  timeout of an  expected 

retransmission, MSG looks in the appropriate InputMessQ for 

a held message  to  call in.  Of course, the commitment of 

buffer space is not absolute.   Unanticipated messages may 

arrive and be accepted before the one retransmitted, forcing 

its further delay.  It seems likely however, that the simple 
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algorithm chosen  will perform well in most cases.  If not, 

the model leaves ample latitude for changing it. 

2.3.1.5 Sequencing of Messages Marked For Special Handling 

As mentioned in the introduction, the M3G specification 

defines two classes of messages, called sequenced and 

stream-marked messages, for which special rules govern 

delivery order. All sequenced messages from a given source 

to a given destination must be delivered ir the order 

submitted, and failure of one such message Inhibits any 

further sequenced message flow between the processes until 

the source process executes a Resynch primitive. 

Stream-marked messages must be delivered afcer completion of 

any prior output messages to the same destination and before 

delivery ot any subsequent messages. Failure of a 

stream-marked message inhibits all further message traffic 

from the source to the destination until a Resynch is issued 

by the sender. 

Message sequencing is effected entirely by the sending 

MSG (see EnQHostSpecificMess), which checks before 

transmitting any message whether there is an existing 

incomplete message to the same destination that blocks 

transmission of the current message under the rules. (This 

is the reason OutputMessQ is a queue and not a set.) The 

transaction is placed in the special state "Awaiting prior 

MESS completion". 
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Later, when a prior message transaction completes 

successfully, the subroutine AcceptOutputMess scans the 

output queue for later messages that are unblocked by the 

completion, and it sends these messages. When a prior 

message is aborted, a similar scan occurs (in subroutine 

RejectOutputMess); however, in this case it may De necessary 

to abort some of the blocked message transactions because a 

sequenced or stream marked message has failed. If so, a set 

of "inhibited destinatiors" (InhibitedDestS) io updated for 

the source process, to ensure that further messages (or 

possibly just sequenced messages) to the same destination 

are inhibited pending a Resynch. 

2.3.1.6 Strictly Local Transactions 

When the destination of a message is a process  on  the 

same host as the source process, the network interface is of 

course not used.  However,  the  queue  management  routines 

behave  in  most  respects  as though the message were being 

transmitted betweer distinct hosts.  A separate  transaction 

record  is  created  for  the "incoming" message (though not 

necessarily a separate copy of its text) when it  is  passed 

from the output handlers to the input handlers.  It may even 

happen that the message will be "Held  by  sender",  if  the 

buffers alloted  to the destination process are too full to 

permit  accepting  it.   Locally  held  messages  are  given 

priority over others, however, since the response to a local 

"XMIT" request is instantaneous. 
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2.3.3 Handling of Alarms 

Alarm handling in M3G is just like message handling, 

but without several of the complicatiors. Generic 

addressing and sequencing are not issues. Text buffering is 

no problem since alarms have only a fixed length, very short 

alarm code. The MSG-to-MSC protocol for alarms does not 

permit requests analogous to MESS-HOLD, so the state 

diagrams for input and output alarms are trivial. Handling 

of loccl (intraMSG) alarm transmissions is identical to that 

for messages. The only special feature of al^rm 

transactions is that a process may choose; to reject all 

incoming alarms by setting its JAccept flag to FALSE (using 

the AcceptAlarms primitive). MSG simply checks this flag 

before accepting an ala^m, and rejects the alarm when ehe 

flag is off. 

The model uses the name "ReceiveAlarm" instead of 

"EnableAlarm" (used in the MSG specification), to emphasize 

the analogy with R- ^eiveMess. The routines in QUEUE that 

deal with alarms are EnQOutputAlarm, EnQInputAlarm, 

RecordALARMXOK, and HecordALARMXREJ. 

2.3.^ Handling of Direct Connections 

The establishment of direct connections between MSG 

user processes differs in several respects from the 

transmission of messages or alarms.  The roles of sender and 
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receiver do not exist. Instead, both processes agree to 

on^n the correct io-. by executing matchirg OperConr 

primitives, and they close it (in the normal case) by 

issuing similar CloseConn primitives. A connection 

transaction, unlike a message or alarm, does not end with 

the completion of the primitive that initiated it, since a 

record must be maintained for use in closing the connection. 

Special provision is also necessary for sigrallirg a local 

process that a connection has been broken other than by a 

normal closing sequence. MSG's handling of direct 

connections is diagrammed in figure 4. 

The events that _,ive rise to transitions ire the 

executior of OpenConn and CloseConn primitives by the local 

process and the receipt of CONN-OPEN, CONN-CLOSE, ard 

CONN-REJ protocol items from a remote MSG. MSG instances 

exchange CONN-OPEN items before opening a connectior between 

the two processes requesting it. They exchange CONN-CLOSE 

it^Tj either when requested to close a connection or when a 

connection cannot be opened because of a mismatch in 

parameters. CONN-REJ is used to rejec . either a CONN-OPEN 

or a CONN-CLOSE that is Invalid. 

In the initial state of figure 4, labelled "No 

connection", the receipt of a CONN-OPEN item (transition 2) 

creates a transaction record and leaves it in state 

"Awaiting OpenConn", that is, awaiting local execution of an 

OpenConn primitive for  a matching  connection.  When  the 
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Figure U. State Transitions for Direct Connections 
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local open is issued, the connection types, dinections, and 

byte sizes supplied by the two sides are compared. If they 

match, the transaction is placed in the "Connection open" 

state (transition 10), the network connection is opened (by 

the process delivery server), and the open primitive is 

completed normally. If the connection specifications do not 

match, then a CONN-RZJ is sent to the remote MSG, and the 

OpenCor.n is aborted (transition 11). 

Other possibilities while "Awaiting OpenCor.n" are that 

the remote MSG may wish to close the connection before it is 

open by sending CONN-CLOSE, or that the local transaction 

may time out. In the former case, MSG responds with an 

answering CONN-CLOSE; in the latter, it sends CONN-REJ as a 

reply to the original CONN-OPEN. In either case, the 

transaction is deleted from the data base (transition 11). 

If the local or n precedes the remote open, the state 

of the transaction reaches "Connection open" via transitions 

1 and 4 and the intermediate state "Awaiting CONN-OPEN". In 

this case, however, if connection parameters do not match, a 

full-fledged connection close sequence is used, since a full 

open sequence will have been completed by the time the 

mismatch is discovered. The local MSG sends a CONN-CLOSE 

item (transition 5) to terminate the transaction, and places 

the transaction in the state "Mismatch - awaiting 

CONN-CLOSE" to wait for an answering CONN-CLOSE. 
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If, while MSG is "Awaiting CONN-OPEN", a CONN-REJ is 

received instead, or if the transaction times out waiting 

for a reply, the local OpenConn is aborted and the 

transaction expunged (transition 7). 

Once the connection is open, an exchange of CONN-CLOSE 

items will lead to its orderly closing. The path from 

"Connection open" to "No connection" leads either through 

"Awaiting CloseConn" or "Awaiting CONN-CLOSE" (transitions 3 

or 9), depending on the order of events. If the transaction 

times out while a local close is awaited, a special 

"connection broken" signal will be sent to the user process, 

if such a signal has been specified in opening the 

connection. 

The transition diagram is complicated by the fact that 

it is possible for a user process to execute an OpenConn 

primitive and then a CloseConn before the OpenConn has 

completed. There are two states in which an OpenConn can be 

pending, "Awaiting CONN-OPEN" and "Mismatch - awaiting 

CONN-CLOSE". In both cases, the pending open is aborted 

immediately when the CloseConn is issued. From "Mismatch - 

awaiting CONN-CLOSE", the successor state in this case 

(transition 14) is "Awaiting CONN-CLOSE", the usual 

Intermediate state when a CloseConn is pending. The 

CONN-CLOSE item from the local to the remote MSG will 

already have been sent when the mismatch was discovered. 

From "Awaiting CONN-OPEN" a CloseConn takes the  transaction 
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into the special state labelled "Awaiting CONN-OPEN or 

CONN-CLOSE" (transition 13). A CONN-CLOSE is sent by the 

local MSG, but it may or may not reach the remote MSG in 

time to prevent a CONN-OPEN in reply to the original 

CONN-OPEN sent. The special state is included to receive 

and ignore that reply, if it comes (transition 12). 

The routines in QUEUE that implement handling of direct 

connections are Er.QOu tputOpenConn, EnQOutputCloseConn, 

EnQInputOpenConn, EnQInputCloseConn, and RecordCONNXREJ. 

2.4 Cancellation of Incomplete Transactions 

The CANCEL module contains the routines that dispose of 

transactions that cannot be successfully completed. This 

may happen because 1) the user Rescinds the transaction, 2) 

the user process terminates and a StopMe is performed, 3) a 

protocol item is waiting to be output and the host to which 

the item is addressed dies, or 4) the transaction is timed 

and the timer expires. When a transaction is cancelled two 

basic types of action are necessary — the transaction must 

be finally disposed of locally, and the remote MSG must also 

cancel its version of the transaction. The precise form of 

the action depends on the transaction's state. 

Local cleanup of a transaction generally consists of 

removing it from its owning process's transaction lists (the 

owning process is the one  for  which  the  transaction  was 
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created and whose lists contain it) and, if it is a pending 

event, delivering it to that process. For example, 

cancelling a transaction in the "Awaiting CONN-OPEN" state 

involves removing it from its owning process's connection 

set and completing the OpenConn pending event that initiated 

it. Local message transactions are treated specially. They 

are exceptional in that both source and destination 

transactions are available, and are thus both cancelled 

locally at the same time. 

Remote cancellation is generally accomplished by 

sending a protocol item to the remote MSG. For example, 

sending a MESS-CANCEL item cancels a transaction in the 

"Awaiting XMIT" state. It may be that a prior protocol item 

related to the transaction being cancelled is waiting to be 

sent, in which case the item can simply be changed to 

reflect cancellation. For example, a transaction may be in 

the "Awaiting XMIT" state with a HOLD-OK item waiting to be 

sent -- changing the item to MESS-CANCEL cancels the 

transaction. It is also the case that cancellation can be 

effected oy not sending a protocol item. Such an item, 

initiating an MSG-MSG negotiation and waiting to be sent, 

can be removed and the transaction nipped in the bud. For 

example, a transaction may be in the "Awaiting CONN-OPEN" 

state with a CONN-OPEN item waiting to be sent — removing 

the CONN-OPEN item cancels the transaction before the remote 

MSG has heard anything. A transaction may also be cancelled 

by doing nothing,  relying on the system's response to the 
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receipt of spurious protocol items. For exa.nple, a 

transaction in the "Awaiting HOLD-OK" state can be cancelled 

simply by removing all local knowledge of the transaction. 

Later, if the remote MSG sends a HOLD-OK item for a 

transaction that no longer exists, the system will reply 

with a MESS-REJ. 

The four routine.:* that call LocalCancel and 

RemoteCancel reflect the four causes for transaction 

cancellation -- RescindPendingEver.t, StopTransaction, 

HostDeadTransaction and TimeoutTransaction. The first two 

are invoked from the user call servers, the third from the 

network output servers, and the fourth from the timeout 

handler — from at least three MSG paths. This gives rise 

to contention issues. In order to dispose of a transaction 

both the transaction record and the record for its owning 

process must be seized. The user call server has the 

process and needs the transaction, while the network output 

server and the timeout handler have the transaction and need 

the process. The user call server is given priority. The 

network output server and timeout handler do a non-blocking 

test-seize of the transaction and its owning process. If 

the test fails they go on to other transactions, returning 

later and trying again. 

Whether or not a pending event is rescissible depends 

on whether the event can, with certainty, be cancelled 

remotely.  For example, an  event  in  the  "Awaiting  XMIT" 
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state can be cancelled with certainty by sending a 

MESS-CANCEL item. On the other hand, an event in the 

"Awaiting MESS-OK" state, with a MESS protocol item already 

sent, cannot be rescinded because the message may already 

have been accepted remotely (with a MESS-OK response on the 

way). Sending a MESS-CANCEL item would not necessarily 

succeed. Using this certainty test. RescindPendingEvent 

determines, based on the state of the event passed to it, 

whether that event is rescissible. 

The CANCEL module's province also includes transaction 

timing. Transactions are timed so that users receive 

definitive dispositions of pending everts without having to 

wait indefinitely in uncertainty, and so that the MSG 

resources used by a transaction may be freed after an 

inordinate delay in completing the transaction. A 

transaction is timed when it is in the queue of the timeout 

handler. The queue is sorted by timeout deadline, the 

transaction timing out earliest being at the front of the 

queue. StartTiming inserts an entry into the timer queue 

and StopTiming removes one. 

TimeoutHan^ler, the routine comprising the timeout 

handler path, processes transactions which have timed out. 

The SIGNAL mechanism is used to awaken TimeoutHandler when 

timeout occurs. TimeoutHandler obtains and WAITs on a 

signal activated when the deadline of the transaction at the 

front  of  the  timer  queue expires,  and cancels the 
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transaction when the  signal  is received.   TimeoutHandler 

WAITs  additionally  for  a signal from StartTiming.  If the 

transaction passed to StartTiming will time out earlier than 

the earliest existing timer queue entry, TimeoutHandler must 

be notified to wait for the  new, earlier  deadline  rather 

than the old, later one. 

2.5 The Network Interface 

The routines that  maintain communication  with  other 

MSGs  are  found in  the  REMOTE module.   They  establish 

inter-MSG network connections and exchange  protocol  items 

over them. 

Connections are opened for two reasons. A local user 

process may wish to communicate with a remote one on a host 

with which no connection exists, in which case the local MSG 

initiates an Initial Connection Protocol sequence with the 

MSG on the desired host. Alternatively, a remote MSG may 

desire to establish a connection, starting an ICP sequence 

to which the local MSG must respond. 

When a connection is initiated locally, the user call 

server enters the remote host in Hosts, assigns the host to 

a network server pair, possibly creating new servers for 

this purpose, and notifies the output server, via a special 

entry in the server's delivery queue, that an ICP should be 

initiated.   (This occurs  in the SelzeHostHandle routine). 
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The output server performs the ICP request, establishing the 

sockets to be used for the connectior. (in RequestlCP). If 

the ICP request should fail, all protocol items waiting to 

be sent to the unresponsive host are cancelled via host dead 

action. The other M3G's authentication demand, in response 

to the ICP request, is handled asynchronously by the 

authentication handler path (AuthenticationHandler). 

When a remote MSG initiates a connection the ICP 

handler path (ICPHandler) responds to its request. It 

authenticates the requesting entity as an MSG, establishes 

the sockets to be used for the connection, makes the Hosts 

entry, allocates servers, and finally notifies the output 

server, by enqueuing a special entry in its delivery queue, 

that a connection should be opened. 

In both cases the output server (in the routine 

NewHost) opens the actual MSG-to-MSG connection, exchanges 

synchronization information with the remote MSG, cancels 

transactions to the new host with the wrong incarnation 

number, and notifies the input server that the new host 

exists. 

The basic action taken when an error occurs on a 

network connection is the closing of the connection and the 

deallocation of the socket. This is done by the server that 

detects the error. Additionally, if the connection closed 

was the only one to that remote host, the connection is 

replaced  by entering a Start ICP item at the front of the 
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queue of the appropriate output server. 

When properly functionir.g connections with another  MSG 

exist they are used for exchanging protocol items, the un\ts 

of Inter-MSG CO.T   ication.   The  process  of  sending  and 

receiving  protocol  items  has  two  parts.   Internal data 

structures must  be  converted  to  and  from  the  external 

protocol  formats recognized by all MSGs, and those external 

items must be sent and received over the  network.   In  the 

abstract model,  these  conversions'' are defined ir terms of 

pseudo data structures, thus making them non-procedural  and 

separate  from  network  data  transmission.  This method of 

specifying  conversion  provides  clarity  and  modularity, 

aiding understanding and maintenance. 

The conversion specifications  are  used  as  templates 

over  buffers  containing network data, imposing order on an 

undifferentiated mass of bits.  They are defined in  a  form 

similar  to  the  ELI  STRUCT operator.  The FORMAT operator 

takes a list of fields, eachxfield corresponding to one  in 

the  external  protocol item being converted.  Fields in the 

FORMAT definition  appear  in  the  same  order  as  in  the 

external  item.   In general a field is described by a field 

name, the data type of the entity represented by the  field, 

and the length in network bytes of the field in the external 

protocol  item.   For  example,   in  the  definition  of 

MessFormat,  the  first  field is Length, which contains the 

number of network bytes in the item.  Its desired  type  is 
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ShortIr.t ar.d it is two network bytes long. 

Some fields do not have this form. Boolean fields have 

no network byte length -- they are known to be individual 

bits. Other fields consist of several subfields occurring 

in a common pattern. Such fields have, instead of a mode 

and length, a "~M (indicating the existence of subfields) 

and the name of the FORMAT where the subfields are aefined. 

For example, in MessFormat SourceProcess and DestProcess 

have the structure of an MSGProcessName, which is defined in 

a separate FORMAT. Other fields are converted by routines. 

In some cases these routines are named in and used by 

FORMAT. Such routines, preceded by he "Ä" operator, are 

specified in the type position of the field using them. For 

example, in MSGProcessName GenericName is converted by 

GenericClass. In other cases conversion routines are 

invoked independent of FORMAT. Fields converted in such a 

manner  appear in FORMAT definitions as documentation.  They 

are indicated by a " " in the type position.  For example, 

the message text field in MessFormat is handled by special 

text moving routines, but the text's presence is documented 

by the Text field. 

Many external protocol fields can be converted and 

assigned to and from their internal representations 

directly, without further processing. For example, in 

ConnOpenFormat ConnID is logically equivalert to ConnID in 

ConnBlock, the target internal representation.  On the other 
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'land,  Corn Open Format' s  Type  Boolear.s do r.ot correspond to 

Cor.nBIock's  Conr.Type  and   ComDirectior ,   with   further 

processing  necessary.   Those  fields  that can be assigned 

directly are indicated in a FORMAT by a "§M,  They must have 

the  same  name,  mode  and  meaning  as the target internal 

field.   Such   fields   are   susceptible   to  collective 

assignment,  where  a whole item is assigned to and from its 

internal  equivalent   without   individual   fields  being 

mentioned. 

FORMAT-defined conversions  are  used  in  the  network 

input  and  output  servers.   They are invoked by the "11", 

"l", "<\\n   and "1 !>" operators.  The 11  operator  specifies 

the FORMAT  to  be imposed on the network buffer, and the 1 

operator references a particular field in the given  FORMAT. 

For example, in Protocollnput the Header FORMAT is used (11) 

to retrieve (1) the Command field in it.  The  <ll  and  11> 

operators  are  used  to  perform the collective assignment. 

They obviate the need for using  the  1  operator  or.  every 

field.   For  example, in Inputt^ss the <;i operator assigns 

all §-marked fields in  MessFo-mat  from  the  network  data 

buffer to the internal MessBlo<:k, and in OutputMess |I> does 

the reverse.  Both operators elso set the FORMAT to be  used 

by  the  1  operator,  so  that  after  <11 or ,!>, 1 may be 

employed   for   individual   fields.   For  example,   in 

InputConnOpen translation between the external Type Boolear.s 

and  the  internal  ConnType  and  ConnDirection  fields  is 

performed using 1. 
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Both the network input server and the network output 

server have a similar structure. Ea^h is organized around a 

dispatcher, which transfers control to routines specialized 

for processing specific protocol items. The input 

dispatcher, Protocol Input, waits for an item to come in on 

one of its network channels, while the output dispatcher, 

ProtocolOutput, sends out items put in its delivery queue. 

The item-specific routires perform FORMAT-defined assignment 

to and from the network data buffer and the proper 

transaction record and, in the case of input, call the 

ap- -opriate QUEUE routine. 

^^ff^irm'i-llitSiirnfVrl. l-is.;.^ «n .urim r Vrrt'rrvr^^^mtfmtnmim.  1 ir.l n^.a^iriiHi«^3l5^^-A&^^ ^^ 



Abstract Model of MSG ^7 

3. The Language o_; the Model 

The MSG ab ast model is written in ELI [Manual], the 

base language , the ECL systen, which hosts the testbed for 

our program develop-nent experiments. During refinemert, ELI 

text will be reduced to SPECL, a systems programming version 

of ELI, and then into BLISS, an implementation language. 

BLISS was chosen because there are BLISS compilers for both 

of the machines for which we plan to make MSG realizations. 

Because the systems resulting from refinement must be 

independent of the ECL runtime facilities, we have taken 

care to ensure that dependence on certain ECL features will 

be easy to remove. The model uses explicit freeing of 

records allocated in the data base, for example, because 

garbage collection will usually not be practical in a 

concrete instance, and because determining by mechanical 

analysis when storage can be reclaimed remains a difficult 

research problem. 

The modelling language also includes extensions to ELI 

which aid readability and provide the freedom to refine 

certain expressions in a variety of ways. Some of these 

extensions are specially handled by the tools used in 

refinement. 

t—.,.. _-.. 
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3. 1 Data Type Generators 

The model makes use of operators for type creation that 

are rot part of ELI, but that have behaviors related to 

similarly named base language type generators. Pointer, for 

example, constructs types whose instances behave like 

pointers, but could be implemented either as machine 

addresses or table indices. Value is the operator used to 

dereference an abstract pointer. Sequence denotes a class 

of objects that are homogeneous indexable collections, 

without pinning down whether its members are of fixed or 

variable length. Union types represent objects whose types 

are not fixed until runtime; type tags and hidden pointer 

levels may be used, or it may be possible to avoid this 

overhead. Enumeration produces a type whose elements are 

members of a set of tokens fixed when the type is generated. 

Constants of an enumeration type are delimited by double 

quotation marks. (The ELI builtin type SYMBOL, whose 

literals are normally indicated by double quotes. Is not 

used per se in the model since it implies runtime hash table 

maintenance.) 

The type operator HAS creates heterogeneous record 

types from tuples containing field names and component 

types. HAS will also be used later in MSG development to 

effect type refinement — adding additional fields to 

existing types to satisfy needs that arise at lower levels 

of abstraction. 
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3.2 Set and Queue Abstractions 

The model makes use of two abstract type generators 

that are neither explicitly defined nor analogous to base 

language operators. Set(M) represents an unordered, 

non-repeating collection of objects of type M. Insert and 

Remove are generic procedures that enter and delete elements 

from sets. Queue(M) denotes an ordered, fixed-capacity 

collection of M-values that need not be unique within the 

collection. EnQ and DeQ are generic procedures that enter 

and delete queue elements. Front is a function that returns 

the least recently entered element of the queue it is 

applied to. IsFullQ is a predicate that returns TRUE when 

applied to a queue that has reached its capacity. 

The names of sets in the model are conventionally 

terminated with a capital S (e.g., Connections); names of 

queues end with a capital Q (e.g., InputAlarmQ). 

3.3 Iteration Expressions 

To ensure that the model routines that deal with 

collection abstractions remain independent of the 

representations chosen, we use abstract iteration 

expressions.  The general form of these loops is 

FOREACH E AT P IN C DO SI; ...  ; Sk END 

This expression will bind the  identifier  E to  successive 

elements of the collection C and execute the statements SI 

..■.^..—^.^.■^J 
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through Sk once for each such binding. As with ELI 

iterations, any statement Si may have the fo~m B => R, where 

B and R are expressions and B yields a Boolean result. If, 

when such a statement is executed, B evaluates to TRUE, then 

the loop is terminated and the value of R becomes the value 

of the loop. 

The clause AT P is optional. When it appears, the 

identifier P will be bound on successive iterations to a 

state variable whose exact definition depends on the data 

type of the collection C. This state variable can be used 

to efficiently delete and insert elements in the collection 

during an iteration. For instance, the generic procedure 

DeQAt(P), used during an iteration over a queue C, would 

remove the currently bound element from the queue. It would 

be equivalent to DeQ(C, E), but would be more efficient. 

Normally,  the order  in which  the  elements  of  a 

collection  are  bound  by  an iterator is not defined.  To 

guarantee scanning of queues in least-to-most recent  order, 

we use 

FOREACH E FromFrontOf Q DO ...  END 
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todel Text 

APPENDIX: Text of the MSG Model 

MSG ... Abstract Version 

The abstract version occupies the following modules; 

I  .     GLOBAL - Common definitions and tables 
1  . (This module.) 

DRIVER - MSG initiation and main routine 
PROCESS - User program linkages to MSG primitives 
LOCAL - Code for local process servers 

• QUEUE - Transaction queue management routines 
REMOTE - Code for remote host servers 
CANCEL - Pending event timeout management 

»   «/  mi. 

Sets, Queues, and Handles ... 

In abstract MSG, the only difference between a "set" and 
a "queue" is that the latter is expected to conform to some 
queueing discipline as regards adding and deleting entries. 
No commitment is made about their representations. 

A "handle" designates a sec or queue entry. It has the 
abstract properties of a pointer. More than one set 
and/or queue may contain the data referenced by a handle 
and thus share the data referenced by the handle. 
A handle is not necessarily represented as a physical 
storage address or pointer. 

«/ ""; 

^^^.^.^■.nJ^iar .. —.. --■-    ^ " ^ '--^-^,^^- i ,w ^^.  



Abstract Nbdel of MSG 52 
toduls GLOa\L 

' Type Definitions • »/ ,,i:; 

Transaction ID <- 

.    Encoded version of TransactionHandle, 

.    used to identify pending event for 
Rescind primitive and as MSG network 

.    protocol SrjrcelD and DestlD.   '»/..; 

Shortlnt <- 'Short integer, unsigned1  */ ...; 

StateCode <- 
EnunerationCNuUState",  "Delivered", "Awaiting MESS-OK", 

"Awaiting XMIT", "Awaiting MESS", 
"Awaiting ReceiveMess",  "Held by sender", 
"Awaiting prior M.^SS conipletion", 
"Awaiting HOLD-OK", "Awaiting retransnission", 
"Awaiting ALARM", "Awaiting ALARM-OK", 
"Awaitir.6 Receive Alarm", 
"Awaiting CO^J-0Pr£N or CONN-CLOSE", 
"Awaiting CONN-CLOSE", 
"Mismatch - awaiting CONN-CLOSE", 
"Awaiting CONN-OPEN", "Awaiting CloseConn", 
"Awaiting OpenCor.n", "Connection open"); 

ConnDirectionG^de <- Er.unerationC'In", "Out", "InOut"); 

ConnTypeCode <- 
EnunerationC"Binary",  "UserTELNEP",  "ServerTELNET"); 

ProtocolCode <- 
EhLrnerationCNullProtocolComnand",  "MESS", "MESS-OK", 

"MESS-REJ",  "MESS-HOLD",  "MESS-CANCEL",  "XMIT", 
"ALARM",  "ALARM-OK",  "ALARM-REJ",  "CONN-OPEN", 
"CONN-CLOSE",  "CONN-REJ",  "Start ICP", 
"Finish ICP"); 

ConnlDCode <- Shortlnt; 

Hostende <- Shortlnt; 

AlarmCbde <- Shortlnt; 

Generic Class Code <- EhLmerationCNullOode",   ...); 
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Reasor.Code <- 

&:une^atior.("Ir.c^npletr,,, "Norinal", "ACKirg your close'*, 
"Alann queue for process is full", 
"Already have correction of that ID", 
"Bad ir.carratior runber or. destir.atior. process", 
"Dytesize giver is invalid", 

"Correctior ID inconsistent with local connection info", 
"Correction byte size rnisnatch", 
"Correctior rot to process narisd", 
"Correctior. rot yet open", 
"Correctior typ? misTiatch", "Delivered", 
"Destir.atior name/handling - generic/specific mismatch", 
"Destir.atior process correctior limit reached", 
"Destir.atior process unknown", "Evert rescinded", 
"Evert tined out", 

"Failure of prior sequerced message", 
"Failure of prior stream marked message", 
"Gereric class giver is invalid", 
"Handling giver is invalid", "Host died", 
"Insufficient resources to complete comnand", 
"Invalid correctior byte size", 
"Invalid correctior. type", 
"Invalid host address in process name", 
"»Message rescinded or timed out", 
"Oper Superseded by close", 
"Output messages quenched", 
"Process not accepting alarms row", 
"Process terminated", "Redundant close", 
"Refererced correctior transaction does rot exist", 
"Refused by all suitable hosts", 
"Send message stream out of synch", 
"ScrdGerericMessage", "SendSpecific Message", 
"Sequerced send message stream out of synch", 
"Sigral giver, is invalid", "Superseded by close", 
"That gereric class rot supported here", 
"Timed out waitirg for your CONNECTION-OPEN", 
"Trarsactior rescinded", "Transaction timed out", 
"lhable to Rescind", "Unknown correctior"); 
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Module GLOBAL 

Hardlir-CoJj <- 
Er.uu•^^atior.(,,rb^mal,^  "S-qucr.ce",  '»StreamMark",  "QWait"); 

Strir,7 <- 5equorce(Ch3ra?ter); 

StrirgPtr <- Poirter(Strirg); 

ProcissNjn? HAS 
< H^stCftostCDde),  IfiCarratiorCShortlrt),  Ir.star.ce(ShortIrt), 

CsrericNaTieCUnior.CStrir.gPtr, GBr.ericCiassCode))  >; 

ProcessHardle <- Pointer(ProcessBlock); 

Process Block rlA3 
< Name(ProcessNane),  UserChar.r.elCCharnelHar.dle), 

OutputMsssQOuiueCMessHar.dle)), 
CXitputAlarm3(S3tCAlarmHardle)),  Cor.nectior.SCSetCCcr.nHardle)), 
IrputMassQCQusueCMessHirdle)) 
IrputMarirjQOueueCAlar.TiHar.dle)), 
Inhibited DjstS(Set.(STRUCT(D33t Process rFrocessNa-ne, 

IrhibitAll:300L))), 
DeliveryServorCSirverHandle)    lAccsptCBOOL), 
FreeBufferSizefShortlnt),  Conmi ttcdBuff er SpaceC Short Irt), 
ReceiveMessQCQjaueC^sslbrdle)), 

! ReceiveAIarrröC^i'iueCAlarmHandie)), 
! CloseConnS(S3t(ConrHandle))    Tarnir.ationCTennflandle)  >; 

Generic Handle <- Pointer (Cer.ericBlock); 

Ger.ericBlock rlAS 
< ClassCStrinsPtr),  Code(Ger.ericClassCüde), 

HostS(Sat(HostCode)), RurFileCFilena-ne), 
ServerSCSetCServerHandle)),  InputMess^CQueueCtessHandle)), 
FreeBufferSizeCSnortlnt).  CommittedBufferSpaceCShortlnt), 
feceiveMessQ(MessHandle),  li'iSUpported(BOOL)  >; 

I    ServerHardle < - 
I        Pointer(Union(InputServerBlock,  DsliveryServerBlock)); 

DeliverySer/erBlock HAS 
< Dslivery^(^j3üe(Tran3actior.Har.dle)) 

Server(Procedure),  Giar.nelSOetCChannelHandle)), 
RunningOOOL),  Wa ke Up Si^naK Signal Type)  >; 

InputS2rverBlocl< HAS 
< Server(Procedure), Channels(Set(ChannelHandle)), 

WakeUpSigr.aKSi^ralType)  >; 

HostHandle <- Pointer(H3StBlock); 

HostBlock HAS 
< hfostCFfostCDde),  Incarnation(ShortInt). 

ConnectionS(Set(Ch3nnelHar:dle)), 
DeliveryServer(Serverfiandle),  InputServer(S3rverHar.dle)  >; 
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Char.r.alHar.dle <~ PoirterCOiarnslBlock); 

Char.r.elBlocx HAS < User (User Handle)  >; 

CortactHar.dle <- Poir.t3r(Cor.tactBlock); 

CortactBlocK HAS 
< RemoteHostCHostHardlö)    R3moteSock3t(Integer), 

LocalSocket(Integer),  Protocol Command(Protocol Code) >; 

MossHardle <   Poirter(M3SsBlock); 

MessBlock HAS 
< Op(OpCode). State(StateOode)    SlinaKSiiralType), 

Dispositior (R3asGr.C3.J3),  D?adlir.o(Irle7
Jer), 

Sour ca Process (ProcsssNj'ne)    Best Proc 23s (ProccssNatie) 
SourcelDdrarsactior.ID), DestlDdrar.sactionID), 
TexUStrir^Ptr)    Tex tLer^th( Short Ir.t)    Is G?r. eric (BOOL) 
IsS3quenced(B00L),  IsNLarked(300L),  rfoHoldOOOL), 
HDldQoyCBXL), Q,;ait(B00L),  Islbstless(BOOL) >; 
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Cor.r.Har.dle <- Pointer(CorxBlock); 

CornBlock HAS 
<0p(0pCode), State(StateCode), Signal(SignalType), 

Disp^sitiorCReasorCxlc),  DeadUne(Integer), 
SourceProcess(ProcessNani3), DestProcessCProcessName), 
SjurceXDCTransactionXD), DestID(TransactionID), 
Conr.ID(ConnlDCode), ConnType(ConnTypeCod9), 
ConnDirection(ConnDirectionCode), ConnBytesize(Shortlnt), 
EndSignal(SignalType), Connection(ChannelHandle), 
LocalSocket(Integer),  RemoteSocket(Integer), 
ProtocolCommand(ProtocolCode) >; 

AlannHardle <- Pointer(AlarmBlock); 

AlannBlock H.\S 
< Op(OpCode), State(StateCode), Signal(SignalType), 

DispositiorCReas^r.Code), Deadline(Integer), 
SDurceProcessCProcessName),  DestProcess(ProcessName), 
SourceID(TransactionID), DestID(TransactionID), 
Al arm (Al arm Code)  >; 

TernHar.dle <- Poir.ter(TennBlock); 

TermBlock HAS 
< Op (Op Code), SignaKSignalType), Dispositior.(ReasonCode), 

UserChannel(ChannelHandle) >; 

UserHandle <- ünion(ProcessHandle, HostHandle); 

TransactionHandle <- 
Uhion(MessHandle, AlannHardle, C^rrHardle, TermHardle, 

Cont^ctHandle); 

DestHandle <- Unior(ProcessHardle, GerericHardle); 
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Module GLOBAL 

• DATA        '  V ""; 

ProcessTable <- CONST(Sequer.ce(ProcessHandle)); 

Hosts <- CONST(Set(HostMandle)); 

GerericTable <- CaNSTCSaquer.ceCGenericHar.dle)); 

ServerTable <- CONSTCSGquer.ceCServerHar.dle)); 

I    InitialServerS <~ 
|        CONSTCSetCProcedure) OF AutherticationRardler,  ICPHar.dler); 

TimerQ <- CONSTCQueueCTrarsactior.Handle)); 

Transactior.Table <- CONSTCSequericeCTransactior.Har.dle)); 
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PRIMITIVE PRXEDURES   ' V ""; 

Abstract Channels ... 

The following define? abstract 
channels, used for cormr.icatior. of data between 
paths. Tney are modelled after the channels used 
in the CCN systen. 

CHOPEN is used to open a channels. Each path 
supplies the sane ChannelID. The channel is closed 
if a CHCLOSE is issued from either side, but 
will be closed only after data in the channel has 
been received. 

CXjtput on the charnel is assumed to be blocking 
SEND (or ={>), while input blocks only if the 
third argunent to RECEIVE (or <i=) is TRUE. 
Nonblocking input is used in LOCAL to supply 
locations for the results returned at completion 
of a pending event. 

Cor.nByteSize defaults accordir3 to the Type of 
the channel. 

=!> and <!= are synonyms for SEND and RECEIVE. 
In certain Implementations (such as TEN'EX), they 
will be refined away and be replaced by assignment. 

CHOPEN <- 
EXPR(Id:ChannelID 

Type:ConnTypeCode 
ConnBytesi ze:ShortInt; 
ChannelHandle)   ...; 

SEND <- 
EXPR(Data:ANY 

Channel:ChannelHandle; 
ANY)  ...; 

s|> <- SEND; 

RECEIVE <- 
EXPR(Data:ANY 

Channel:ChannelHandle, 
Blocks:BOOL 
ANY)  ...; 

/*  »Channel spec1, 
/*  'Operating mode', 

/* »Data to be transmitted', 

/• 'Where to put received data', 

/» »Blocks if TRUE'; 
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Module GIQBM * 

<!= <- RECEIVE; 

i 

. Infix operator for blocking RECEIVE 

EXPR(Dala:ANY, Channel:Channel Handle; ANY) 
RECEIVE(Data, Channel, TRUE); 

MakeId <- 

.    Used to construct a Channel ID 
for a network CHOPSX   '  */ 

EXPRÜbst: Integer /»  «Remote host  (0 for any)', 
RSocket: Integer /»  »R^ote socket (0 for lister)', 
LSocket:Integer /»  »Local Socket»: 
CnannellD)  ...; 
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DRIVER - MSG Initialization and main 
reutine 

v -'; 
InitiateMSG <- 

eXPR(Restart:300L) 
BEGIN 

Ir.itializeGenericSO /*  'Read the data from disk'; 
(Restart -> Kill User ProcessesO)    /*  ' 

.Issue termination signals. 

. Also, di op any remote host 

.    connectior.s reüaitir.g.'; 
Set Newlr. carnation Number (); 

/» ' 
. Set up set of servers to 
. start up and run'; 

/* 'If* servers are ir.terrjpt-driven, 
enable them. Else, l^op over Servers 
and sleep until a signal for 
one or more is received. '; 

InitializeServerov) 

PollAndSleepO 

END; 

Initializes   verS <- 
EXPRO 

FOREACH S IN InitiaiServerS 
DO 

DECL SHiServerHmdle LIKE Allocate(ServerBlock); 
SH.Server <- S; 
Release''SH); 

END; 
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PROCFSS ...  User Pro^ran MSG Calls 

v -; 

*/ -; 

PRXESS cor.tair.s coda ar.d data that 
are ir.cluJed in tha user program 
to call MSG priTiitives. In5 arguments, 
result type, ar.d the actual abstract 
call for each MSG primitive are giver. 
first below. Each primitive call is 
represented as a call of the abstract 
routine PCall. Each call is of 
the fonn: 

PCalKPrimitiveName.Ser.dList, 
Receive Li st, Is Per. ding Event); 

Each PCall call will be refined according 
to the exact mechanism chosen to communi- 
cate between the aaer process and local 
MSG in a given operating systen and 
language implementation. 

The SendList and ReceiveList include 
all argiments of the primitive call, 
classified as to whether each arginent 
represents data sent to MSG by the process 
or data received from MSG as a result 
of executing the MSG primitive. 

IsPendingEvent is TRUE for those MSG 
primitives which create pending events. 
The communication algorithm is discussed in 
the commentary preceding PCall in this file. 

L_ 
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todule PROCESS 

SendG3r.ericMessa^e <- 
EXPR(Text:Strir.^PLr, 

DestProcess:ProcessNane, 
Signal :Sigr.alType( 

Per.dir.gEver.tID:Trar.sactior.IDf 

Disposition:ReasonCode, 
Timer:Integer, 
QWait:HandlingCode; 
Reasor.Code) 

PCallC'SendGenerioMessa^e", 
< Text,   [>istProcess,  Signal, Tidier,  CWait >, 
< DestProcess, Disposition >, TRUE); 

RsceiveGenericMessa^e <- 
EXPRCText.-StringPtr, 

Source Process:ProcessName, 
Signal .-SignalType, 
PendingEvencID:TransactionID, 
Disposition:Reason Code, 
Timer:Integer; 
Reason Code) 

PCall(f,ReceivpGenericMessa-;eM,  < Signal, Timer >, 
< Text, SourceProcess, Dispositior  >, TRUE); 

SendSpecificMessase <- 
EXPR(Text:StringPtr, 

DestProcess: ProcessNaTic, 
SignalrSignalType, 
PendingEventID:Trar.sactionID, 
Disposition:ReasonCode, 
Timer .-Integer, 
Hand 1 i ng: i land 1 ir.^, Cod e; 
ReasonCode) 

PCallC'SendSpaciticMessage", 
< Text,  DestProcess, Signal, Timer,  Handling >, 
< Disposition >, TRUE); 

ReceiveSpecificMessage <- 
EXPR(Text:StringPtr, 

Source Process:ProcessName, 
Signal:SignalType, 
PendingEventIO:Transactior.ID, 
Disposition:ReasonCode 
Timer .-Integer, 
Hand 1 i ng: Hand 1 j ng Cod e; 
ReasonCode) 

PCallC'ReceiveSpecificMessage",  < Signal, Timer >, 
< Text, SourceProcess, Disposition, Handling >, TRUE); 

TniWrif'i  i - - 
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Module  PROCESS 

SordAlarm <- 
EXPRC Alarm :AlarmCode, 

DestProces3:Procos5N:3rne, 
Signal: Sigr. a 1 Type, 
PendirgEver.tlDiTrarsactionXO, 
Disposition:ReasonCoJe; 
Reasor.Cods) 

PCallC'Ser.dAlarm",   < Alann,   DestProcess,  Signal, Timer >, 
< Disposition >, TRUE); 

ReceiveAlarm <- 
EXPR (Alarm: Alann Code, 

SourceProcess:ProcessName, 
Signal:SigralType, 
Pendin^EvcntID;Transact ion ID, 
Disposition iReasor.Code, 
Timer: Integer; 
ReasonCode) 

PCalK"ReceiveAlarm",  < Signal, Timer >, 
< Alarn,  SourceProcess,  Disposition >, TRUE); 

Open Connection <- 
EXPR(ConnID: ConnIDCode, 

ConnType; Conn Type Code, 
ConnDirection:ConnDirectionCode, 
ConnBytesize:Integer, 
DestProcess:ProcessName, 
EhdSignal:SignalType, 
Signal:SignalType, 
PendingEventID:Transaction ID, 
Disposition:ReasonCode, 
Timer:Integer; 
ReasonCode) 

PCallC'OpenConnection", 
< ConnID,  ConnType,  ConnDirection,  ConnBytesize, 

DestProcess,  End Signal,  Signal, Timer >, 
< Disposition >, TRUE); 

CloseConnection <- 
EXPR(ConnID:Tag? 

DestProcess:ProcessName, 
Signal:SignalType, 
PendingEver.tID:Tag, 
Disposition:ReasonCode, 
Timer: Integer; 
ReasonCode) 

PCall("CloseConnection", 
< ConnID,  DestProcess, Signal, Timer >, 
< Disposition >, TRUE); 
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Module PROCESS 

Terrainatior.Si^r.al <- 
EXPR(Signal :Sigr.niType, 

Timer:Integer, 
Disposition: Reasor.Code; 
ReasonCode) 

PCallC'TerminationSignal",  < Signal, liner >, 
< Disposition >., TRUE); 

The following primitives do not 
create pending events. 

• V -; 

StopMe <- EXPR(;  Reasor.Code) PCallC'StopMe"); 

Rescind <- 
EXPR(PendingEventID:Transactior.ID;  Reasontode) 

PCallC'Rescmd",  < Pending Event ID >,  < Result >); 

AcceptAlarms <- 
EXPR(IAcc3pt:B0öL; Reasor.Code) 

PCalK" Accept Alarms",  < lAccept >); 

Resynch <- 
EXPR(DestProcess:ProcessName;  ReasonCode) 

PCalK "Resynch",  < DestProcess >); 

WhoAmI <- 
EXPR(Na.ne:ProcessNarne; Reasor.Code) 

PCallC'WhoAmI",  NIL,  < llsne >); 
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PCall <- 
! 

The infix operators "rlV1 ar.d "<1 = M denote 
trar.siiissior. of data from the jser process 
to MSG (SEND — cf. CHOPEN ir. module GL03AL) 
ar.d the reverse. The general protocol is: 

The operation r.sne of the primitive and tha 
SendList ar-e sort to MSG. MSG validates the 
arguments. It returns a disposition which 
may be: 

"NormalM Execution is complete, and 
the ReceiveList return data (if any) 
should be rec3ived. PCall blocks 
until reception is complete. 

"Incomplete" A per.dirg event has been created. 
'Hie r eive is issued to request 
the receive list data after 
completion of the pending event. 
If the Signal is blockir-, the 
user process blocks; otherwise, 
PCall exits immediately. 

Other   An error has been, noted by MSG. The 
disposition data has been received. 
No pending event has beer, created. 
PCall exits immediately. 

When a pending event has successfully 
been created, MSG returns a Pending Event ID 
to the user. It is used by the Rescind 
primitive. It is also used in PCall to 
open (usirg CHOPEN) an individual abstract 
channel over which the receive list data 
is to be returned by MSG at pending 
event completion. MSG closes this channel 
afterwards. A separate channel for each 
transaction is used to avoid cluttering the 
abstract model with the details of multi- 
plexing use of a single channel. 

»/ 
EXPR(Op:OpOcde, 

SendList:List, 
ReceiveList:List, 
CreatesPend irgEvent:Bool; 
Reasor.Code) 

BEGIN 

._.__^ ^_I^__ 
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todule PROCESS 

DECL Result:ReasonCode LIKE "Nornal"; 
t 

.    Sor.d Op ar.d Sor.dList arguner.ts 

.    to MSG ar.d wait for validation 

.    result. 
' v -; 
Op =!> MSGChar.rel; 
Ser.dList =!> MSGChar.rel; 
Result <11== MSGCnar.r.el; 
/«  « 

If "Incomplete"  (when CreatesPE is TRUE), 
or "Normal",   IsAbnomaU) rails'; 

IsAbr.omaKResult)  => Result; 
CreatesPendingEvent => 

BEGIN 

.    Receive Pending Event ID for Rescir.d. 

.    Then open channel ar.d ask for  ReceiveList 

.    return data.   '  */ -; 
Pending Event ID <1 1== MSGCnar.r.el; 
DECL CH:ChannelHandle LIKE 
CHOPENCPendinsEventlD, In, Binary); 

ReceiveList <1= CH; 
"Normal"; 

END; 
i 

. Receive any ReceiveList data. 

' »/ -; 
ReceiveList <i;== MSGChannel; 
Result; 

END; 

• DATA ' »/ -; 

MSGChannel <- 

.    Channel usei to communicate with MSG. 

.    Opened in StartUser Process. 
•  V CONST(ChannelHandle); 
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Module LOCAL 

i 

LOCAL ... Local process primitive handlers 

v -; i 

» 

LOCAL hardies (via UserCallSarver: user 
process primitive requests (see PCall 
in PROCESS) ar.d delivery of results 
of primitive requests (via User [^livery- 
Server.) 

Handlers for primitives that create 
pending events consist of a Start routine 
(found by lookirg up the CpCode in 
OpTable) and an End routine (in Er.dQpTable.) 
The Start routine receives the SendList from 
the user process, validates arguments, 
creates the perdirg evert, and calls 
QUEUE to have the event enqueiwd for 
further processing. Tie End routine 
handles completion of trie pending event 
by sending the ReceiveList data to 
the user process. 

Handlers for primitives that do not 
create pending events (e.g., DoStopMe) 
send any results to the user process; 
In these cases, the PCall code blocks the 
user until the results are received. 

 - ' */ -; 
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Module LOCAL 

1 TABLES '  V -; 

OpOode <- 
Eriimeratior.CSer.dGer.ericMessa^e,  ReceiveGenericMessase, 

Ser.dSpecificMessa^e,   ReceiveSpecificMessage, 
Ser.dAlarm,  ReceiveAlarn, Oper.Correction, 
CloseCorrectior, Termiratior.Sigr.al,  StopMe, 
Rescird,  AcceptAlarns,  Rssyr.ch, WhoAoiI); 

OpTable <- 
1 Table of procedures to hardle user primitive requests. 

StartXXX starts ar.d enqueues a perdir.g evert. 
.    DoXXX conpletes the correspordirg pri-nitive before 

returning. 
• V 

CONST(Gequerce(Procedure) OF 
StartSerdMessaje /»  »Send Generic Message', 
StartReceiveMessage /*  'Receive Gereric Message', 
StartSendMessaje /*  'Send Specific Message', 
StartReceiveMessage /*  'Receive Specific Message1, 
Star:   andAlann /* »Send Alann', 
StartReceiveAlarm /*  'Receive (erable) Alarm', 
StartOper.Connection /*  'Start Open Connection1, 
StartCloseCorrectior /*  'Close Connectior', 
StartTenninationSignal /* 'Ternination Signal1, 
DoStopMe /»   'Stop Me', 
DoRescind /♦  'Rescind', 
DoAcceptAlams /*  'Accept Alarms1, 
DoResynch /»  'Resyr.ch', 
Do'^voAml /»  »WhoAml'); 

EndOpTable <- 
CONST(Sequence(Procedure) OF 

Er.dSendGenericMessage, EndReceiveGenericMessage, 
End Send SpecificMessage,  EndRece iveSpec ificMessa^e, 
EndSerdAlarn,  ErdReceiveAlarn,  EndOpenConnection, 
EndCloseConnection,  EndTerminationSigral, 
EndBrokenConnection /*  'Not a primitive... 

. used to implemert 

. EndSignal for OpenConnection'); 

TimerDefaults <- 
CONST(Sequence(SnortInt) SIZE LENGTH(EndCpTable)); 

jmmmasmam 
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Module LOCAL 

Primitive Handlers 

StartSer.dMossa^e <- 
EXPR(Op:OpCode,  UserChar.r.el:Char.r.elHandle, SPiProcessHar.dle) 

BEGIN 
DECL MiMessBlock; 
M. SourceProcess <- SP.Nane; 
DECL Har.dlir.ä:Har.dlir.gCode; 
< M.Text, M.DestProcess» M.Signal, M.Deadline,  Har.dlirg > <! = 

UserChannel; 
ConvertTimerCOp, M.Deadline); 
DECL MH:MessHandle; 
M.Dis^sition <- ReasonC^de << 

BEGIN 
Op = "SendSpecificMessa^e" -> 

IsValidBostCM.Dest Process Jbst)  +> 
RETURNC"Invalid host address in process name"); 

CASECHandlin^,  Op] 
["Normal"] => TRUE; 
["Sequence", "SendSpecificMessa^e"]  => M.IsSequenced; 
["StreamMark", "SendSpecificMessa^e"] => M.IsMarked; 
["Q.Vait", "fendGenericMessase"] => M.IsGeneric; 
TRUE => RETUHNC"Handling given is invalid"); 

END <- TRUE; 
OR(NOT M.IsGeneric, 

EncodeGenericClassCM.DestProcess.GenericClass), 
CheckBlankGenericFieldsCM.DestProcess))  //> 

"Generic class given  is invalid"; 
IsValidSignaKM.Signal)  lt> "Signal given  is invalid"; 
FOREACH C IN SP.InhibitedDestS 

REPEAT 
C.DestProcess = VALCM.DestProcess)  => 

BEGIN 
C.InhibitAU => 

RETURN("Send message stream out of synch"); 
M.Sequenced -> 

RETURN("Sequenced send message stream out of synch"); 
END; 

END; 
CheckUserQuenchO +> "Output messages quenched"; 
MH <- Allocate(MessHandle,  M); 
"Incomplete"; 

END; 
Disposition =|> UserChannel; 
IsAbnormal(Disp^sition)  => NOTHING; 
MH.UserChannel <- 

CHOPEM(MH.SourceID <- AssignTransactionlD(MH) =|> 
UserChannel, "Out", "Binary"); 

EnQOutputMessCUH, SP); 
END; 
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Mxlule LOCAL 

Er.d Send Message <- 
EXPRCSPzProcessHar.dle, MH:MessHar.dle) 

BEGIN 
DECL UserChannel: User Data LIKS SP.UserCharr.el; 
MH.IsGer.eric -> 

BEGIN 
[>ecodeGGnericClass(MH. Dest Process.GenericCIass); 
MH.DestProcess =1> UserChar.r.el; 

END; 
MH.Dispasitior. =!> UserCharr.jl; 
SIGNALCMH.Sisral); 
CHCLOSECUserChannel); 
Free(MH); 

END; 

StartR^ceiveMessa^e <- 
EXPRCOp:OpCode,  UserChar.r.elrChar.neiHandle, SP:ProcessHar.dle) 

BEGIN 
DECL M:MessBlock; 
DECL MH;MessHandle; 
DECL Disposition:Reason Code; 
M.DestProcess <- SP.Nane; 
< Signal,   Deadline XMH)  <1= UserChannel; 
Cor.vertTimer(Op,  M.Deadline); 
Disposition <- ReasonCode << -^ 

BEGIN 
IsValid(MH.Signal)   //> "Signal given is invalid"; 
MH <- AllocateCMessHandle, M); 
"Incanplete"; 

END; 
Disposition =I> UserGiannel; 
IsAbnonnal(Disposition)  => NOTHING; 
MH.UserChannel <- 

CBDPEN(MH.DestID <- AssignTransactionlD(MH) s|> 
UserChannel, "Out",  "Binary"); 

EnQReceiveMess(MH,  SP); 
END; 

EndReceiveMessage <- 
EXPRCSPiProcessHandle, MH:MessHandle) 

BEGIN 
DECL UserChannel:UserData LIKE SP.UserChannel; 
DecodeGonericClas^CMH.SourceProcess.GenericClass); 
< Text, Source Process, Disposition XMH) =1> UserChannel; 
NOT MH.IsGeneric -> (EncodeHandling(MH) =!> UserChannel); 
SIGNALCMH.Signal): 
Free(MH); 

END; 
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Nbdule LOCAL 

StartSendAlann <- 
EXPR(Op:CpCode, User Charr.el: Channel Handle, SP: Process Handle) 

BEGIN 
DECL A:AlarmBlock; 
DECL AH;AlarnHjr.dle; 
DECL Disposition:R3asonCode; 
A.SourceProcess <- SP.Name; 
< Alarm, DestProcess, Signal,  Daadline >(A) <1= 

UserChannel; 
ConvertTi-nerCOp, A.Deadline); 
Dispositicr. <- ReasonCods << 

BEGIN 
IsValidSisraKA.Al^ral)  iif> "Si3r.al giver, is invalid"; 
AH <- AllocateCAlannHandle, A); 
"Incomplete"; 

END; 
Disp^siticr. =!> UserChannel; 
IsAbnormal(Disposition) => NOTHING; 
AH.UserChannel <- 

CfiOPEN( AH. Source ID <- Ass i-ir Transact! or. ID (AH) =1> 
UserChannel, "Out", "Binary"); 

EhQOutputAlarmCAH, 3P); 
END; 

EndSerdAlarm <- 
EXPR(SP:ProcessHandle, AH.-AlarnHandle) 

BEGIN 
DECL UserChannel:UserData LIKE SP.UserChannel; 
< Disposition >(AH) =|> UserChannel; 
SIGNAUAH.Signal); 
Free(AH); 

END; 

StartReceive Al arm <- 
tXPR(0p:0pCodet UserChannel:Channel Handle, SP:ProcessHandle) 

BEGIN 
DECL A:AlarmBlock; 
DECL AHiAlannHandle; 
DECL Disposition :Reasor.Code; 
A.DestProcess <- SP.Name; 
< Signal,  Deadlir.e >(A) <|= UserChannel; 
ConvertTlmer(Op, A.Daadline); 
Disposition <- ReasonCode << 

BEGIN 
IsValidSignaKA.Signal)  //> "Signal giver, is invalid"; 
AH <- AllocateCAlannHandle, A); 
"Incomplete"; 

END; 
Disposition =1> UserChannel; 
AH.UserChannel <- 

CHOPENCAH.DestID <- AssignTransactionlD(AH) =|> 
UserChannel, "Out", "Binary"); 

EnQReceiveAlannCAH, SP); 
END; 
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ttxlule LOCAL 

End Receive Al am <- 
EXPR(SP:ProcessHar.dlel AH:AlarmHandle) 

BEGIN 
DECL UserChanr.el:U3erData LIKE SP.UserChar^.el; 
DecodeGer.ericClass( AH. Source Process.Ger.ericClass); 
< Alarm, Source Process,  Disposition >(AH) =;> UserCharnel; 
SIGNAL(AH.Sisr.al); 
Free(AH); 

END; 

Start Oper. Cor.r.ectior. <- 
EXPR(Op:0pGode, UserCnar.reUChar.r.elHar.dle, SP:ProcessHardle; 

BEGIN 
DECL CiCorr.Block; 
DECL CH: Com Handle; 
DECL Disposition:ReasorCode; 
C.SourceProcess <- SP.Name; 
< Conr.ID,  Corn Type,  Cor.r. Direction,  ConnBytesize, 

DestProcess,  EndSi-jnal, Signal, Daadline >(C) <| = 
UserChannel; 

CorvertTrnerCOp, C.Daadline); 
Dispositior  <- RaasorCode << 

BEGIN 
IsValidSUr.aKC.Sisral)  i» "Signal given is invalid"; 
Is ValidHostCC. Dest Process. Host) ■»■> 

"Invalid host address in process name"; 
AssignLocalSocketCC.LocalSocket, SP); 
IsValidBytesizeCC.ConnBytesize)  //> 

"Bytesize given is invalid"; 
CH <- AllocateCor.nectior.Har.dle, C); 
"Incomplete  , 

END; 
Disposition =1> UserChannel; 
IsAbnonnal(Disposition)  => NOTHING; 
CH <- 

CH0PEN(CH.SourceID <- AssignTransactionlD(CH) =I> 
UserChannel, "Out", "Binary"); 

EriQDutputOpenConr.CCH, SP); 
Free(CH); 

END; 

End OpenConnection <- 
EXPR(SP:ProcessHandle, CH:ConnHandle) 

BEGIN 
DECL UserChanrel:UserData LIKE SP.UserChannel; 
IsAbrormaKCH.Disposition <- OpenDirectConnectionCCH, SP)) :=> 

Er.QOutputCloseConnCCH, SP); 
< Disposition V':H) =!> UserChannel; 
SIGNAL(CH.Signal); 
Free(CH); 

END; 
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Module LOCAL 

StartCloseCorrectior. <- 
EXPRCOpiOpCode, UserChannel: Channel Handle, SP:ProcessHandle) 

BEGIN 
DECL C: Corn Block; 
DECL CFhChannelHandle; 
DECL Disposition:Reason Code; 
< Cor.r.ID, DestProcess, Signal, Deadline >(C) <! = 

UserChar.r.el; 
CorvertTl'n2r(0p,  C.Deadline); 
Dispositior. <- Reasor.Cxie << 

BEGIN 
IsValidSignaKC.Signal) //> "Signal giver, is ir.valid"; 
CH <- AllocateCChar.r.elHar.dle,  C); 
"Incomplete"; 

END; 
Dispositior. =!> UserChar.r.el; 
IsAbnormal(Disposition)  => NOTHING; 
CH.UserChar.r.el  <- 

CHOPENCCH.SourcelD <- Assi-r.Trar.sactior.IDCCH) =!> 
UserChar.r.el, "Cut", "Bina-y"); 

CH.SourceProcess <- SP.Nane; 
EhQCutputCloseConr.CCH, 3P); 

END; 

ErdCloseCor.r.ectior <- 
EXPR(SP:ProcessHandle, CH.-Cor.rHandle) 

BEGIN 
CH.Disposition <- CloseDirectConnection(CH, SP); 
DECL UserChanne1. r'JserData LIKE S P. Us er Channel; 
< Disposition XCH) =!> UserChar.r.el; 
FreeLocalSocket(CH/-ocalSocket, SP); 
SIGNAKCH.Signal); 
CHCLOSSK UserChannel); 
Free(CH); 

END; 

StartTenninationSignal <- 
EXPR(Op:OpCode,  User Qiannel:Channel Handle, Sn:ProcessHandle) 

BEGIN 
DECL T:TennBlock; 
DECL TH:TennHandle; 

I DECL Disposicion:ReasonCode; 
I TH.Signal <!= UserChar.r.el; 

Disposition <- ReasonCode << 
BEGIN 

IsValidSignal(S)  //> "Signal given is invalid"; 
TH <- AllocateCTermHandle, T); 
"Incomplete"; 

END; 
Disposition =|> UserChannel; 
IsAbnor.nal(Disposition)  => NOTHING; 
TH.User Channel <- 

! CHOPENCNüllTrar.sactionID, "Out", "Binary"); 
! SP.Termination <- TH; 
I Release(TH); 

END; 
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Nfodule LOCAL 

ErdTennir.atior.Si^r.al <- 
EXPRCSPiProcessHar.dle, TH:TennHar.dl -) 

BEGIN 
DECL UserCharr.2l:Char.r.elHar.dle LIKE SP.UserChar.ral; 
< DispDsitior. XSP) =|> UserChanr.el; 
SIGNAL (TH.Si3r.al); 
CHCLOS^UserChar.r.el); 
FreedH); 
DoStopMo(3P); 

END; 

EndBrolor.Cor.rectior <- 
f 

. An artifact. The correction hns beer, broken, 
so is closed.    The Cp "SuopMe" is posted 

.    and the CH delivered  i-   Sjch a way as to 

.    post the local proc        -j.dSigral.'   */ 
EXPR (Op .-Opcode, SP:Pi   -essHar.dle,  CH: Corn Handle) 

BEGIN 
DECL UserChanr.el.'UserLata LIKE SP.UserChar.rel; 
SIGN.AL(CH.FriSi^r.dl); 
CHCLOSECL'ierCharnel); 
Free(CH); 

END; 
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Mxiule LOCAL 

73 

DDStopMe <- 

Car.cel all trar.sactior.s and cor.r.ectior.s 
•«r.volvir.g the user process.'   */ 

EXF'K.DpiOpGode,  UserChar.rel iChar.r.elHar.dle,  SP: ProcessHar.dle) 
BEGIN 

DECL 3P:ProcessHar.dle LIKE Soi.ze(SP); 
StopTrar.sactionsCSP.OutputnessQ, SP); 
StopTrar.sactior.s(SP.OutputAlannS,  SP) 
StopTrarsactions(SP,Corrections, SP); 
StopTransactionsCSP. Ir.putMessQ, SP); 
StopTransactionsCSP.InputAlarmQ, SP); 
StopTransactionsCSP.RBceiveMessQ,  SP); 
StopTransactionsCSP.ReceiveAlarmQ, SP); 
StopTransactionsCSP.ClosoConnS, SP); 
DECL TS:Set(TransactionHandle); 
SeizeCGenericTable); 
FOREACH GH IN GenericTabie 

DO 
FOREACH TH IN GH.ReceiveMessQ 

DO TH.[testProcess = SP.Nane -> InsertCTS,  TH) END; 
END; 

Release(Ger.ericTable); 
StopTrar.sictior.sCTO, SP); 
FreeCSP.Teriiir.atior.); 
"Normal" =|> UserChar.rel; 
CHCLOSE(UserCharrel); 
FreeCSP); 

END; 

StopT^ar.sactiors <- 
Ev .UT:ANY, SPrProcessHardle) 

FOREACH H IN T 
DO Seize(H);  StopTransactionCH, SP); Free(H) END; 

Do Rescind <- 
EXPR(Op:OpCode,  UserChannel:Channel Handle, SPrProcessHardle) 

BEGIN 
DECL Event transactionID; 
Event <!= UserChar.rel; 
DECL THiTransactionHandle LIKE 

Seize Trar.sactior.Hardle( Evert); 
RescirdPendirgEver.tCTH, SP) = |> TH. User Channel; 
Free(TH); 

END; 

DoAcceptAlanns <~ 
EXPR(0p:0pGodp,   UsG-rC'iar.nei rUiarrelHar    e, SPrProcessHardle) 

[) SP.IAccept <1= UserChar.rel;  "Normal" =|> UserChar.rel (]; 
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Hxiule LOCAL 

DoResyrch <- ,,   J1   x 
EXPiUOp:0pCDdef User Channel: Channel Handle, SPiProcessHandle) 

BEGII; 
DtCL P:ProcessName; 
P <1= UserChannel; 
FOREACH C IN SP.InhibitedDestS 

| DO C.Dc^stProcess .= P => Re-novoCC,  SP.Ir.hibited[>?stS) END; 
j "Normal" =!> UserChannel; 

END; 

D^WhoAim <- M    jn   . 
EAi3R(0p:0pCode,  UserChannel ".ChannelHandle, SPrProcessHandle) 

SP.Name =1> UserChannel; 
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Nbdule LOCAL 77 

1 SERVERS '   V -; 

UserCall Server <- 
EXPR(SH:ServerKärdle) 

BEGIN 
DECL Op;OpCode; 
DECL WaitS:Set(Ch^rrelHar.dle) LIKE SH.Char.relS; 
REPEAT 

DECL üserChar.nel:Char.nelHar.dle LIKE AWAIT(WaitS); 
DECL SP:ProcessHardle LIKE U30rCharr.el.User; 
Seize(SP); 
Op <1= UserCharr.el; 
OpTable[OpJ(Cp,  UserGianr.el, SP); 
ReleaseCSP); 

END; 
FN'D; 

UserDeliveryServer <- 

! User DeliveryServer waits until it is SIGNALed,  then loops through 
! its delivery queue, removes entries and dispatches to the 
! appropriate output routine.    The entries are then dequeued. 

'   »/ 
EXPRCSH:ServerHandle) 

BEGIN 
DECL QEntryrTransnctionHandle; 
DECL LPiProcesshandle; 
Seize(SH.DeliveryQ); 
REPEAT 

NulKSH.D-liveryQ) -> 
BEGIN 

SH.Running <- FALSE; 
Release(SH.DeliveryQ); 
WAIT({ SH.WakefJpSisnal  }); 
Seize(SH.I^liveryQ); 

END; 
QEr.try <> Seize(Front(SH.DeliveryQ)); 
ReleaseCSii.Delivery?); 
LP <- SeizeProcessKandle(Originator(QEr.try)); 
EndOpTable[QEntry.Op](LP,  QEntry^; 
Release(LP); 
Seize(SH.DeliveryQ); 
DtQ(SH.DeliveryQt  QEn.try); 
Free(QEntry); 

END; 
END; 
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Module LOCAL 

'     Miscellareous routir.es ' / -; 

StartGer.erieProcess <- 
EXPfUClassiGar.ericClassCode; ProcessHandle) 
BEGIN 

DECL GHrGer.ericHar.dle LIKE Ger.ericTableEClass]; 
DECL P:Processjiock; 
P.Nanfia.GerericCiass <- GH.Code; 
DECL PH:ProcessHandle LIKE Allocate(ProcessHandle,  P); 
CompleteProcessN3me(PH); 
StartUser Process(GH,   PH); 
m; 

END; 

ConvertTimer <- 
EXPR(Op:OpCode,  Ti-ner: Integer) 

BEGIN 
Timer = 0 -> Timer <- TimerDefaults[Op3; 
MakeIntervalAbSDlu^eCTlmer); 

END; 

Originator <- 
EXPR(TH:Trar.sactior.Har.dle;  ProcessNane) 

CASECTH.Op] 
["ReceiveGenericMessage"], 

["Rece.'.veSpecificMessa^e"], 
["ReceiveAlarm"] => TH.DestProcess; 

TRUE => TH.Source Process; 
END; 
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Module QUEUE 

79 

QUEUE:  Queue Mura^emert ."^bdule for MSG 

Maragemert routines for the data base shared among A3G processes. 
This data base consists principally of queuej and sets of 
transaction records.  Each rjcord describes the state of a pending 
event, a message, an alann, or a direct connection.    Nhst queues 
and sets are associated with particular local user processes, 
and are anchored in the corresponding process handles. 

Routines exported by QUHMJE are cal'ed fron the servers Ihil rnplement 
user process prrnitives (LOCAL),  from those that implement the 
MSG-to-MSG protocol  (REMOTE),  and from the modale CANCEL, 
which implements event timeouts. 

Ihe exports fall into three groups: those dealing with messages, 
alarms, and direct connections. 

Message handling routines: 

EnQJutputMess 
EnQReceive.'-tess 
EnQInputMess 
RecordMESSXOK 
RecordMESSNREJ 
RecordMESSXHCLP 
RecordHOLDXOK 
RecordMESSXCANCEL 
RecordXMIT 
SendMESSXREJ 
SerdMESSXCANCEL 

j 

i 

i 

! 
f 

j 

! 
! Alarm handling routir.es: 
i 

i 

i 

f 

! 
i 
! 
i 

i 

SerdSpecificMess, SendGenericMess primitives 
ReceiveSpecifieMess,  ReceiveGenericMess primitives 
MESS protocol  item 
MESS-OK protocol item 
MESS-REJ protocol  item 
MESS-HOLD protocol item 
HOLD-OK protocol item 
MESS-CANCEL protocol  item 
XMIT protocol  item 
Reject received MESS 
Cancel previously sent MESS 

Bn.QOutputalarm 
EhQReceiveAlarm 
EnQInputAlarn 
RecordALARMXOK 
RecordALARMNREJ 
SendALARMXREJ 

SendAlarm primitive 
ReceiveAIann primitive 
ALARM protocol item 
ALARM-OK protocol item 
ALARM-HFJ protocol iten 
Reject received ALARM 

Connection handling routines: 

En QOutput Open Conn 
EnQOutputCloseConn 
En Qlnput OpenConn 
EhOInputCloseCor.n 
RscordCONNXREJ 
SendCONIAREJ 

Open Conn primitive 
CloseConr primitive 
CONN-OPEN protocol item 
CONN-CLOSE protocol item 
CONN-REJ protocol item 
Reject received CONN-OPEN or CONN-CLOSE 

frirriiii'iiwuf"--   "—-'• 
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Module QUEUE 80 

Cor. vert ions observed ir. this module: 

Local variables are declared by 
! 
! <r.a7ie> == <,i\ide> 

or    <r.aTie> <== <iritial valuo> 

! 
These are equivalent to 

!   DECL <r.a,ne>: <mod9> 
and D£CL <r.ame>:ANY BYVAL <ir.ilial value> 

respectively. 

Wienever a shareable record (e.g., a MessRir.dle or a ProcessHar.dle) 
is passed to a Ql£UE routine, it is assuned that the caller has 
locked ("S3ize"d) the record, if necessary, and will be responsible 
for unlocking it. 

! 
• V -; 
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Message Har.dlir.g 

.»    */   .; 

Er.QOutputMess <- 

! M is an outgoir.^ Mess froTi user process SP. 
Charge SP for the text buffer space used by M. 
Divide Messes into two categories: 
(1) those havi: g specific destiraticr. hosts, ard 
(2) s^^ric .-nesses that are host-less. 

If M is host-less, obtair. a trial host ar.d use Er.QHostSpecificMess 
to try to deliver M.   If M is rejected by the choser host, 
RecordMESSXREJ will select a r.ew host ard use Ser.cibstSpecificMess 
to ser.^ it again. 

V 
EXPfUMiMessHandle, SP:Processfiandle) 

BEGIN 
DebitBufferCSP,  M); 
M.IsGeneric AND Mull(M.DestProcess.Host) -> 

BEGIN 
M.IsHostLess <- TRUE; 
M.DestProcess.Host <- GetNewGinericHost(M); 

END; 
StartTimirgCM); 
Er.QFiDstSpecificMessCM, SP); 

END; 

GetNewGenericHost <- 

! Find a destination host for M appropriate to its generic category, 
! If its destination host is null,  take the first possible host, 
!    otherwise take the successor of the present host.  Return a null 
!    host code if the present ho^t is the last in the list. 

EXPR(M:MessHar.die; HostGode) 
BEGIN 

Oldest <== M.DestProcess.Host; 
GH <== GenericTable[M.DestProcess.GenericName]; 
NuL1 (OldHDSt) => FirstCGH.HostS); 
NextCGH.Hosts,  OldHost); 

END; 

-ain u u,*,*rr=^^ ,v-~, -. Mi ^.- - Mi i - wf rAiiTUr i ^it'^-^J«,--^_ 
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EnQHostSpecificMess <- 

Check M for special hardlir.^ requirements.  If it is a sequer.ced or 
stream-marked message, rrieck for prior Masses that inhibit 
trar.s.Tiissior.  „f M.  A sequer.ced mossaje must bi held ur.til all 
previous sequer.ced Messesto the same destination have beer, 
acknowledged.  A stream-marked Mess must wait for all prior Messes 
to the same destinatior to complete. 

*/ 
EXPR(M:Me3sHar lie, 3P:ProcessHandle) 

BEGIN 
PostporeTransmission <zz FALSE; 
FOREACH PriorM IN SP.OutputMessQ 

DO 
PriorM.DestProcess - M.[>estProcess AND 

(PriorM.IsMarked OR M.IsMarked OR 
M.IsJequenced AND PriorM.Is&quenced) => 

Postponefransmission <- TRUE; 
END; 

EnQCSP.OutputMessQ,  M); 
fbstpor.eTrar.anissior. => 

M.State <- "Awaiting prior MESS completion"; 
SendHostSpecificMessCM, SP); 

END; 

Ser.üHostSpecificMess <- 

If destination  is a local process,  pass a copy of M directly to the 
handler for received Messes. 

!  Otherwise,   it must go out or. the network.  Decide, based or current 
'    buffer space for SP,  whether to offer to hold the Mess,  to warn 

that a hold will be impossible, or neither.    Deliver it to the server 
for the destination host. 

EXPRCMiMessHandle, SP:ProcessHandle) 
BEGIN 

M.DestProcess, hbst = LocalHost => 
BEGIN 

InputM <== GopyMessHandle(M); 
PnQInputMessCInputM, SP); 
Free(InputM); 

END; 
M.HoldOk <- SP.FreeBufferSize GE HoldOkTnreshold; 
M.fc)Hold <- SP.FreeBufferSize LT NoHoldThreshold; 
M.State <- "Awaiting MESS-OK"; 
SendMESS(M); 

END; 

■    ',      i   IMM¥.V     __      At •^„„^ -_.^^_^. 
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EnQRaceiveMess <- 

DP is to be the destiratior. of a message,  for which it is issuing 
a ReceiveMess conrnand. 

Input generic Messes and fteceiveGerericMess events are queued in the 
appropriate GenericTable entry.  Therefore defir.e DH to be either DP 
itself,  if RM is specific, or the appropriate GenericHandle,   if RM 
represents a ReceiveGenericMess. 

If there are any queued  irput losses at DH that are complete with 
text (either accepted Messes or ones held by a local sender),  take one, 
merge it with RM, and deliver it to DP. 

Otherwise,  enqueue RM in DHs  ReceiveMessQ,  and start timing on RM, 
using the interval supplied by the user process DP. 

•  */ 
EXPR(RM:Messhandle,  DP:ProcessHandle) 

BEGIN 
MR == MessHandle; 
DH <= = 

BEGIN 
NOT RM.IsGer.eric => DP; 
DECL GH:GenericHandle LIKE 

GenericTableLDP.Name.GenericName]; 
REPEAT TestSeizeCGH)  => GH;  Pause(SeizeWait)  END; 

END; 
BEGIN 

FOREACH M AT MLocation FromFrontOf DP.InputMessQ 
DO 

NOT Null(M.Text)  => 
[) MR <- M;  Seize(MR);  DeQAt(MLocation)  (]; 

END; 
NOT Null(MR)  => 

BEGIN 
StopTiming(MR); 
MR.SourceProcess.Host = LocalHost -> 

LocaDMXKMR, DH); 
MergeMessHandlesCRM, MR); 
Free(MR); 
RM.Disposition <- "Normal"; 
DeliverCRM,  DP); 
CreditBufferCDH,  RM); 

END; 
EnQ(DH.ReceiveMessQ,  RM); 
RM.State <- "Awaiting MESS"; 
StartTimir.g(RM); 

END; 
RM.IsGeneric -> Release(DH); 

^ND; 

rr i -r'ir'r---.-tt-rfTiTirii 
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Locals IT <- 

! M represents 3 local Mess transaction. M has beer, held in the 
! source process (3P) queue. Now it is to be "transmitted" to the 
! destir.atior. CDH), siuulatirg a network X'lIT followed by a MESS 
! retrar.snission. 
! Debit DU and credit SP for the text buffer space. 
! Complete the transaction for the sender by accepting the message. 
t 

» */ 
EXPiUMiMessHandle, DH:DestHandle) 

BEGIN 
SP <-= Seize ProcessHar.dle(M. Source Process); 
DebitBufferCDH,  M); 
CreditBuffer(SPl  M); 
AcceptMess(M, SP); 
Release(SP); 

END; 

RequestTransmission <- 

! M represents a Mess to DH that is being held by its sender, 
but is now to be retransnitted. 
If the sender is remote, send it an WIT item. 
Otherwise, use Local WIT 

*/ 
EXPR(M:Messllandle,  DHiDestHandle) 

BEGIN 
M.SourceProcess.Host = LocalHost => LocalXMIT(M,  DH); 
SendXMIT(M); 
CommitBufferCDH,  M); 

END; 
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EnQIrputMess <- 

The regatior. of M.CWait is ORed ir.to M.NoBold ir. c ise M is generic. 
Thus M.NoHold indicates refusal to hold M at the ^urce,  for whatever 
reason. 

Input Messes are distinguished as "old"  (those sent in response 
to an 3MIT request) or "new". Old Messes are recognized by their 
not.-null destination IDs. 

(SP represents the sender of M,  if the sender is local.) 

»/ 
EXPR(M:MessHandle, 3P:ProcessHandle) 

BEGIN 
M.NoHold <- M.NoBold OR UOl M.QWait; 
NOT NulKM.DistlD)  => EnOOldlr.putMess(M); 
DnQNewIr.putMessCM, SP); 

END; 

EhQNewIr.putMess <- 
i 

! NewM is a newly received Mess. 
! SP is the sender of NewM, if local. Otherwise, SP is null. 
! Define DH to be the destination process handle (if NewM is specifically 
! addressed) or the appropriate generic class handle (if NewM is generic). 
! In the latter case, if there is no process with a pending Receive- 
! GenericMess primitive, try to start a new process of the right class. 
! Ehqueue NewM in DH.InputMessQ if there is room. 
! Assign a local transaction ID for future referer.ce. 
! Decide whether to deliver NewM, to accept it pending a local Receive, 
! to ask the sender to hold it, or to reject it. 
I 
;  »/ 

EXPR(NewM:MessHandle, SP:ProcessHandle) 
BEGIN 

DH <== SeizeDestHandle(NewM.DestProcess); 
NuU(DH) => 

Reject Mess(NewM, 
BEGIN 

NewM.IsGeneric => 
"That generic class not supported here"; 

"Destination process unknown."; 
END, SP); 

BEGIN 
Null(DH.ReceiveMessQ) AND NewM.IsGeneric -> 

StartGeneric Process (DH.Oode); 
T?FüilQ(DH.InputMessQ)  => 

RejectMess(NewM, 
"Insufficient resources to complete command", 
SP); 

EnQCDH.InputMessQ,  NewM); 
NewM.DestID <- AssignTransactionlD(NewM); 
AcceptHoldOrRejectMess(NewM,  DH,  SP); 

END; 
Release(DH); 

Bü^itiüi antaifim 
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END; 
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BnQOldlr.putMöss <- 

!  N3wM has beer, sent ir response to ar. )MIT. 
Use NewKs destiratior. ID to find the original MessHandle (OldM), 
If nore car be found, or if OldM is the wrong transaction, simply 
treat NewM as a raw incoming Mess.  (The original could have timed out.) 

Otherwise, merge NewM into OldM, copyir^ the Text, HoldOk, and 
NoFtold fields,  among others. 

Let DM ba the destiratior. of OldM. 
Decide how to dispose of OldM using the same algorithm as for 
new input Masses. 

• »/ 
EXPR(NewM:Messliardle) 

BEGIN 
OldM <== SeizeTransaction(NewM.DestlD); 
BEGIN 

Null(OldM) OR NOT IsMsssHandle^OidM) OR 
NOT ValidXMITRasporscCNewM,  OldM)  => 
EhQNewIr.putMess(NewM); 

StopTimirgOldM); 
MergeMessHardlesCOldM,  NewM); 
DH <= SeizeD^stHandleCOldM.DestProcess); 
RemitBufferCDH, M); 
AcceptHoldOrRejectMessCOldM,  DH); 
ReleaseCDH); 

END; 
Release(OldM); 

END; 

ValidX-lITRespor.se <- 
EXPRCNawf^MessHardle    OldMiMessHardle; 3'0QL) 

OldM.State = "Awaiting retransnission" AND 
NewM. SD-urce Process = OldM. Source Process AND 
NewM.DestProcess = OldM.DestProcess AND 
NewM.SourceXD = OldM.SourcelD; 
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AcceptHoldOrRaJectMess <- 
i 

! M is ar input Nkss for destir.atior. DH, w^.Tich is eith3r a G?r.ericHar.dle 
!    (if M is ^er.eric) or a Process Handle (if M is specific). 
! SP is the sending procass,  if local to this host; otherwise null. 
! M has been entered in DH.InputMessQ. 
! Possible outcc-'Ties: 
! M will ba accepted and delivered. 
! M will be accepted and queued. 
! The sender will ba asked to buffer M and retransmit later. 
! M will be rejected. 
! If the Text of M has been omitted for lack of sufficient temporary 
! buffer spaca, then either request hold or reject. 
! Else if a matching RaceiveMess primitive is pending, accept and 
! deliver M. 
! Else if buffer space permits, accept M and leave it queue pending 
! the execution of a local RaceiveMess primitive. 
! Otherwise, eitner reject M or request that the sender hold it. 
! 
1 «/ 

EXPR(M:Me3sHar.dle    DH:DestHandle, SP: ProcessHardle) 
BEGIN 

Null(M.Text) => HoldOrRajectMessCM,  DH, SP); 
RM <== SeizeMatchirgReceiveMessCM, DH); 
NOT Nüll(RM)  => 

BEGIN 
StopTimirg(RM); 
DeQCDH.Ir.putMessO, M); 
MergeMessHandlesCRM, M); 
AcceptMess(M, 3P); 
BEGIN 

NOT RM.IsGeneric => Deliver(RM, DH); 
DP <== SeizeProcessHandle(RM.DestProcess); 
DeliverCM, DP); 
Rele3se(DP); 

END; 
Release(RM); 

END; 
NOT RoomToAccept(M,  DH) => HoldOrRejectMess(M,  DH,  SP); 
AcceptJ^lessCM, SP); 
DebitBuffer(DH, M); 
M.State <- "Awaiting RaceiveMess"; 
StartTimir.3(M, Awaiting Receive Interval); 

END; 
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HoldOrRejectMess <- 

I M is ar. ir.put Mess for destiratior, DH, winch is either a GenericHardle 
!    (if M is ^er.eric) or a Process Handle (if M is specific). 
! SP is the ser.dir.g procass,  if local to this host; otherwise r.ull. 
! M has beer, er.tered ir. DH. Input Mess Q. 
! If M requires ar irrrnediate acceptance decisior, reject it. 
!  If M represents a strictly local transfer, Tnke the decision on holding 
!    here: hold if the sender has enough buffer space, otherwise abort the !    transfer. 

!    (Note that in computing SourceM,  the original output MessHardle, 
!      we have no need to Seize the record; the calling path will already !      have done so.) 
! Otherwise, send a MtSS-HOLD to the sender of M. 

'  »/ 

EXPiKMrMessHandle,  DHiDestHandle,  SP:ProcessHandle) BEGIN 
M.NoHold => 

BEGIN 
DeQ(DH.Ir.putMessO,  M); 
Reject.Mess(M, 

"Insufficient resources to complete command", 
SP); 

END; 
NOT NulKSP) => 

BEGIN 
NOT RoanToHold(SP,  M) => 

BEGIN 
DeQCDH. InputMessQ, M); 
RejectMess(M, 

"Insufficient resources to complete command", 
SP); 

END; 

SourceM <== LookupTransactior(M.SourcelD); 
SourceM.State <- "Awaiting XMT"; 
M.State <- "Held by serder"; 
StartTLT]ir.g(M,  AwaitirgFreeBufferlr.terval); 

END; 
M.Text <- NullText; 
SendMESS\HOLD(M); 
BEGIN 

M.State <- "Held by sender"; 
StartTiming(M, AwaitingFreeBufferInterval); 

END; 
M.State <- "Awaiting HOLD-OK"; 
StartTimingCM, AwaitingHüLDNOKInterval); END; 
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SeizeMatchirgRaceiveMess <- 

! M is an ir.comir.g Mess for DU. 
! If DH has a pendirg Receive that will match M, 
! seize, daqjeue, ar.d return it. 
! Else, return nil. 
j 

'  »/ 
EXPRCMcMassHar.dle, DH:&2StHar.dle; MessHandle) 

BEGIN 
NulKDH.ReceiveMessQ)  => NullMessHandle; 
RM <== FrontCDH.ReceiveMessQ); 
Seize(RM); 
DeQ(DH.Receive?43Ss3); 

END; 

SelzeDestHar.dle <- 
t 

!  Return a suitable destination handle for the given process name P. 
!  If P is a generic name,  and its class is supported on the local host, 
!    return the corresponding generic handle. 
!  If P is a valid specific process, return its handle. 
! Otherwise, return a null handle. 
! 
• V 

EXPR(P:ProcessName;  DestHandle) 
BEGIN 

NOT NulKP. Instance)  => Se ize Process Hand le(P); 
DH <== GenericTable[P.Name.G3r.ericName]; 
REPEAT TestSeize(DH)  => NOTHING;  Pause(SeizeWait) END; 
NOT DH.Ur.supported => DH; 
Release(DH); 
NullDestHandle; 

END; 

MergeMessHandles <- 
i 

! M represents a newly received Mess, 
! RM is either a ReceiveMess record or the result of an earlier 
!    transmission of M. 
! Copy the Text of M into RM, as well as other fields which might 
!    be ciifferent on retransmission. 
j 

' »/ 
EXPR(RM:MessHandle, M:MessHandle) 

BEGIN 
RM.Notbld <- M.Nohbld; 
RM.HoldOk <- M.PbldOk; 
RM.SourceProcess <- M.SourceProcess; 
RM.TextLength <- M.TextLength; 
RM.Text <- M.Text; 

END; 

^WifiNinlirtiMfiWir-i'f irm im^m¥*ff^**^*^^ — ^ - -^--^ - -       -*■-"■' .^-'»^-^^^«^^^^^.^^^^^^^^^i^^^^^i^^ ...^.,-.. ^—-„-^.„„^^^^^u^^ 



Abstract Nbdel of MSG 91 
Module QUEUE 

AcceptMess <- 

If SP is r.or.-r.ull,  ther. M represents ar. irtrahost Mess and S? is 
the -source process.   In that case,  simulate a MES3-0K ackr.owled^emer.t 
of M for SP.  (It is unnecessary to seize the original 
MessHar.dle. Tae calling path has it locked.) 

Otherwise,  send a MESS-OK to the remote source of M. 

V 
EXPR(M:MessHandle, SP:ProcessHandle) 

BEGIN 
Null(SP) => SendMESS\OK(M); 
AcceptCXitputMessCLookupTransactionCM.SourcelD),  SP); 

END; 

RejectMess <- 

! If SP is non-null,  then M represents an intrahost Ntss and SP is 
! the source process.   In that case,  simulate a MESS-REJ acknowledgement 
! of M for SP.  (It is unnecessary to seize the original 
! MessHandle. The calling path has it locked.) 
! Otherwise,  send a MES3-REJ to the remote source of M. 
! 
• »/ 

EXPR(M:MessHandle,  Reason:ReasonCode, SP:ProcessHandle) 
BEGIN 

Null(SP)  => SendMESS\REJ(M,   Reason); 
RejectOutputMess(LookuoTransaction(M.SourceID),  Reason, 

SP); 
END; 

CancelMess <- 
t 

! M is an outgoing Mess from SP that is awaiting XMIT, but must be 
! canceled for lack of buffer space. 
! If the destination is local, simulate receipt of a MESS-CANCEL by 
! the destination. Otherwise,  send a real MESS-CANCEL on the network. 
! Then abort the SendMess primitive of SP. 
! 
• »/ 

EXPR(M:Me3sHandle, SPiProcessHandle) 
BEGIN 

M.Reason <- "Insufficient resources to complete command"; 
BEGIN 

M.DestProcess.Host = LocalHost => 
RecordMESS\CANCEL(Value(M)); 

SendMESS\CANCEL(M, M.Reason); 
END; 
ReJ8ct0utputMess(M, M.Reason, SP); 

END; 
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RecordMESSXOK <- 

A MESS-OK has come ir. for MOK.SourcoProcess. If r.o correspor.dir.^ 
trar.sactior. car. be found, sl:nply do r.othirg.    Otherwise, complete 
the desi^ratei pendir.g event. 

'  »/ 
EXPRCMOK: Mess Block) 

BEGIN 
OldM <== SeizeTransactior.(MOK.SourcelD); 
Mull(OldM) OR MessMismatchCOUM,  MOK)  => 

/* 'Could ti.qve tLned out'; 
OldM.State // "Awaitir^ MESS-OK" => 

MSGErrorCMESo-OK received ir. wrong state'); 
SP <= SeizsProcessHar.dleCMOK.SourceProcess); 
Accept Output Mess (OldM, SP); 
ReleaseOldM); 
Release(SP); 

END; 

RecordMESSNREJ <- 

!  A MESS-REJ has come in for MR. Source Process.   If no correspondirg 
!    transaction can be found,  simply Jo nothing.    Otherwise, abort 
!    the designated pending event, giving MR.Reason as the error code. 

»/ 
EXPR(MR:MessBlock) 

BEGIN 
OldM <== SeizeTransactior.(MR.SxircelD); 
NuU(OldM) OR MessMisnatchCOldM, MR) => 

/*  'Could have timed out'; 
SP <= SeizeProcessHandleCMR.SourceProcess); 
RejectOutputJtessCOldM, MR.Reason. SP); 
Release(OldM); 
Release(SP); 

END; 

^rnr--^.*^^,...^^^ -^„-^^^  ^_ 
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AcceptOutputNfess <- 
t 

M,  a Mess ser.t by 3P,  has beer, accepted at its destiratior.. 
Canplete M,  ar.d transmit any subsaquent Messes from 5P to M.DestProcess 
that may have been blocked pending acknowledgement of M. 

Scan SPs queue of output Messes frcm least recent to most recent. 
Igrore Messes to other destiratior.s. 
When M is found, delete it from the   queue, but continue to scar, 
for later Messes,. Ott,  which are waiting to be sent. 

If QM is found,  ar.d  is marked,  terminate the search,  and ser.d it if 
removal of M has unblocked it.  Any later Messes remain blocked by QM. 

I    If QM exists ar.d is saquenced,  its treatment depends or. M.Handling: 
If M.IsSequenced,  QM must row be unblocked.  Ser.d QM ar.d stop scarring. 
If M.IsMarked,  ser.d QM if it is now unblocked, but continue to scar. 
for newly unblocked Messes. 

Otherwise,  simply terminate the scan: removal of M has rot unblocked 
QM,  and any later Messes that mi^ht have been blocked by M are 
also blocked by QM. 

After the scan, copy the jestinatior. process name into M in. case it 
was a generic Mess, deliver M to SP,  and credit SP with the space 
beins freed. 

f »/ 
EXPR(M:MessHardlef SF:ProcessHandle) 

BEGIN 
MFound <== FALSE; 
PriorMesses <== FALSE; 
PriorSequenceJMesses <== FALSE; 
Termir.ateScan <== FALSE; 
FOREACH QH AT QMLocation FromFrontOf SP.OutputMessQ 

DO 
MatchirgPro ^ssNamesCQM.DestProcess, M.DestProcess) -> 

BEGIN 
NOT MFound => 

BEGIN 
QM // M => PriorMesses <- TRUE; 
MFound <- TRUE; 
StopTiming(M); 
DeQAtCQMLocation); 

END; 
QM.State // "Awaiting prior MESS completion" => 

PriorMesses <- TRUE; 
QM.IsMarked => 

BEGIN 
NOT PriorMesses -> 

Sendtt>stSpecificMess(QM, SP); 
Termir.ateScan <- TRUE; 

END; 
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Qt4.IsSequer.ceci => 
BEGIN 

M.IsSequsnced => 
BEGIN 

SerdHostSpecificMessCQM); 
Termir.ateScar. <- TRUE; 

END; 
NOT M.IsMarked => Termir.ateScar. <- TRUE; 
Pr ior S2quarcedMesses => 

/»   »QM repairs blocked'; 
SerdHostSpecificMessCQM); 
PriorMesses <- PriorSequer.cedMesses <- TRUE; 

END; 
ASSERT(M.IsMarked) /*  ' QM cart be blocked by a marked Mess 

!  betweer. Q\ ar.d M or else the scar. 
!  wDuld have termir.ated by row.   '; 

Ser.dHostSpecificMess(QMf SP); 
PriorXesses <- TRUE; 

END; 
Termir.ateScar. => 

/*  'Later blocked messes remair blocked'; 
END; 

M.Dispositior <- "Normal"; 
M.DestProcess <- DestProcess; 
DeliverCM, SP); 
CreditBufferCSP,  M); 

END; 

^^'^^ä^rmiMmmifni iMiMliimW"^"'^^ ,. ...... 
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RejectOutpjtMess <- 

! Purpose: 
! A Mess M fron SP has beer, rejected by M. Dost Process. If M was origlr.ally 
! a gereric Mess withouc a specified destiratior. host, try to fird ar. 
! alternate host for it. If successful, ser.d it out agair.. Otherwise, 
! abort M, ar.d either abort or trarsnit subsequent Messes from SP 
! to M.DestProcess that have beer, blocked pending acknowledgement of M. 
! Method: 
! Scar. SPs queue of output Messes from least recent to most recert. 
! Ignore Messes to other destinations. 
! When the Mess M correspond ;.g to SourcelD is found, either (1) send it to 
!  a new host (if it was originally hostless), or (2) abort M, 
!  but continue to scan for later Messes, QM, which are blocked 
!  pending completion of earlier ones. 
! If such a QM is found, treat it as follows: 
!  If M.IsMarked, all subsequent Masses are to be aborted, so abort QM. 
!  Else if QM.IsMarked, it may now be unblocked. If so, send it. 
!  Else if both M and QM are sequenced, abort QM; all sequenced Messes 
!   subsequent to M will be aborted until the user process Resynchs. 
!  Otherwise, M was not blocking QM, so it remairs blocked. 
! If M has no special handling, the scan can be terminated after the first 
!  such QM has been seen. 
! NoDeliver will be TRUE iff SP is terminating; dont deliver anything to it. 

»/ 
EXPR(M:MessHardle, 

Reason:Reason Code, 
SP:ProcessH3rdle, 
MoDeUver:BCOL) 

BEGIN 
MFound <=r FALSE; 
PriorMesses <== FALSE; 
TerminateScan <== FALSE; 
FOREACH QM AT QMLocation FromFrontOf SP.OutputMessQ 

DO 
MatchingProcessNames(QM.DestProcess,  DestProcess) -> 

BEGIN 
NOT MFound => 

BEGIN 
QM // M => PriorMesses <- TRUE; 
MFound <- TRUE; 
NOT M.IsHostLess => 

AbortMess(M,  QMLocation, SP,  Reason); 
M.DestProcess.hbst <- GetNewGenericHost(M); 
Null(M.DestProcess.Host) => 

AbortMessCM,  QMLocation, SP, 
"Refused by all suitable hosts11); 

SendHostSpecificMess(M, SP); 
TerminateScan <- TRUE; 

END; 

iMgii^-i^w,-^,.^-.^^-„JJ.^--w.,,^--n,^        ^.^..^-^^-^...^a.-^^^jäa^^-^^t-^^^^-^^  ■,.,,   . 



96 

Abstract Model of MSG 
Module QUEUE 

^.State ,'/ "Awaltirg prior MESS completior" => 
PriorMesses <- TRUE; 

M.IsMarkad => • ..    qp AbortMessC^^LocaUon.^,^^      ^ ^^^^.^ 

c   . /   M Hard lira 5 "Normal ; 
QI^.IsMarked => 

BEGIN 
NOT-Prioresses -> 

SendifostSpaciflcMessCCJI. 5P), 
PriorMesses <- TRUS; 

No5^M.IsSequ.r.ced AND ^^^ir* V, 
ASSERT(PrlorMasses)  /• " -usrt 

Abort>teSs(QM.i?^=a^.oSP.eciuercecimes5a3e..). 

END; 
'T'Lat^Led .esses renair blocRed^ 

END; 
END; 

AbortMess <- 
SXPRCM'.MessHardle, 

QP: Queue Er.tryPoir.ter, 
SP-.ProcessHar.dle, 
Reason:ReasonCode, 
NoDeliver:BOOL) 

BEGIN 
StopTiiiirg(M); 
DeQAt(QP); 
M.Dis^sitior. <- Reason; 
CreditBufferCSP, M); 
M.Text <- NullText;   _ 
NOT NoDeliver -> Deliver(M, 5P;. 

END; 

^ay^a^^^.^mw^^n-.^^-IT.^ ,-----^^^^^=J=^a.^i^^^^^-^-^-^-^--^^-----^^m.J^t^^,^ .in.^,-!   , i-^ ii^^^ .^^^^^^^^^^^^l^iO^^^^S^^^ i^i^-^ ^-^-i.,'^^.,^-   ■-^ -  ■■ lliiii > n«!!. ■ 



Abstract Nbdel of MSG 97 
Module QUEUE 

RecordMESSXHOLD <- 

A MESS^HOLD iten has arrived. 
Look for the transaction,  OldM, designated.   If it cant be found,  send a 

MESS-CANCEL.  OldM may have tinisd out or been  Resciriei. 
Check for correct tr in sac tier, state. 
See whether there is room to hold OldM.  If rot, serd MESS-CANCSL. 
If so,  send HOLDVOK,  unless that was  implicit in the original MESS 
transmission. 

i V 
EXPRCMH:MessBlock) 

BEGIN 
OldM <== SeizeTransactionC-lH.SourcelD); 
Null(OldM)  => 

Ar.swcrBelateditemCMH,  "MESS-CANCEL", 
"Destiration process unknown"); 

BEGIN 
IsMsssHar.dleCOldM) AND NulKOldM.DestlD) -> 

OXdM.DestID <- MH.DestIO; 
Me'isMismatch(01dM,  MH)  => 

MSGError(»Transaction misnatch'); 
OldM.State // "Awaiting ME33-OX" => 

MSGErrorCMESo-HOLD received in wrorg state'); 
f>? <== SeizeProcessHar.dleOlwM.SourceProcess); 
BEGIN 

SP. Tree Buff er Size GE MirMessBoldThreshold => 
BEGIN 

OluM.State <- "Awaiting ^IT"; 
NOT C'aM.HoldOk -> Ser.dH0LD\0K(01dM); 

END; 
RejectOut?utN?e-s(SP, OldM.SourcelD,  01 dM.DestProcess, 

"Insufficient resources to complete command"); 
SendMESS\CANCEL(01^. 

"In.sufficient resources to complete command"); 
END; 
Release(SP); 

END; 
ReleaseCOldM); 

END; 

i ^^~*-'~i**t^*^+"^-*—--—^-  -~- .^^—^   .- ■ ^--   ■:-^^-^^^--^^n^g5B^^^^^S^^-g^^^^attr|ftT^rn  ,..„.^....  ,..w-.- .,_    _   „  _   ,r:^r^_^r S 
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RecordHOLDNOK <- 
» 

! A HOLDNOK iten has arrived. 
! If the desi^r.ated trar.sactior. has timed out, invite the sender to 
! retransnit ()MIT). 
! Otherwise, be sure that HOLDVDK is exp3cted. 
! Let DH denote the destiration, whether generic or sp»3?ific. 
! If DH now nas room for the Mess, request retrar.smissior by sending X-IIT. 
! Otherwise, lea^e the trarsaction in the "Held by sendt-" state, waiting 
! for buffer space to become available. 
1 

•  »/ 
EXPR(HOK:MessBlock) 

BEGIN 
OldM <== SeizeTransaction(HOK.DestlD); 
Null(OldM)  => Ar.swerDelatedltemCHDK,  "JMIT"); 
BEGIN 

MessMismatchCOldM,  HOK) => 
MSGError('Transaction mismatch'); 

OldM.State // "Awaiting HOLD-OK" => 
MSGErrorCHOLD-OK ir  wrong state'); 

StopTimir.g(OldM); 
DH <== SeizeDestHan.dle(01dM.De3tProcess); 
BEGIN 

DH.FreeBufferSize GE X-IITIhreshold => 
BEGIN 

OldM.State <- "Awaitirg retrarsnission"; 
StartTimirg(OldM, AwaitirgRetrar.smissior.Irterval); 
SendJC-IITCOldM); 

END; 
OldM.State <- "Held by sender"; 
StartTimir.gCOldM,  AwaitingFneeBu/rerInterval); 

END; 
Release(DH); 

END; 
Release(OldM); 

END; 

i1---.-m-i-rrm-u^^---~'r~^--~^,Ün^:nr^ I'|-"I 
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RecordMESSNCANCEL <- 

! A MESSXCANCEL iten has arrived. 
! If the trar.sactior.  it iesi^r.ates does rot exist,  just ignore it. 
! Check the validity of the trar.sactior. state,  then delete its record fro:.! 
! the approcriate Ir.putMessQ. 
i 
; V 

EXPR(MC:MessBlock) 
BEGIN 

OldM <= SeizeTrarsactior.CKC.DestID); 
Null(OldM)  => /*   'Ignore belated MESS-CANCEL'; 
BEGIN 

MessMisnatchCOldM, MC) => 
MSGError( 'Trar.sactior. misnatch1); 

OldM. State // "Awaitirg HOLD-OK" AND 
OldM.Scate //  MH->ld  by sender" AND 
OldM. State if "Awaiting retrarsmissior" => 
MSGErrorCMES^-CANCEL received  ir wror^ state'); 

StopTbiingCCldH); 
DH <== SsizeDestHandleCOldM.DestProcess); 
DeQ(DH.Ir,putMessQ,  OldM); 
Free(OldM); 
Release(DH); 

END; 
Releaso(OldM); 

END; 

ntfit7»tftT^TiFglii'TlPff^^FT^nTfifrimiri'Bi        ^iiiirf.fimiiliirMyiii fiinaTBH^   -■■■' Mi 
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RecordX:-!!? <- 

!  Ar. WIT request has arrived. 
!  If the desigr.ated transaction has tixed out, MESS-CANCEL will already 
!    have beer, sent, so i^r.ore the XMT, 
!  Otherwise,  after checkirg the transaction state, retransmit the held Mess. 
* 
•  »/ 

EXPR(XM:M33sDlock)   . 
BEGIN 

CldM <== SeizeTrar.sactionCXM.SourceTD); 
Null(OldM) => /» »Ignore belated mT'; 
BEGIN 

MessMismatchCOldM,  XM) => 
M3GError('Transaction mismatch1); 

OldM.State // "Awaiting WIT" => 
MSGError('XMIT received ir. wong state'); 

OldM.State <- "Awaiting MES^-OK"; 
SendMESS(OldM); 

END; 
Release(OldM); 

END; 

AnswerBelatedItem <- 
EXPRO^: Mess Block,  Co.Tmand: Protocol Code,  Reasor :PeasonOode) 

BEGIN 
M <s= AllocateCMessHandla, M); 
M.ProtocolCcTinand <- Command; 
M.Reason <- Season; 
DoUverToRemoteHo5L(M, 

BEGIN 
Command = "MESS-CANCEL" => 

M.DestProce'iS.Bost; 
M, SourceProcess.Host; 

END); 
Free(M)- 

END; 

MessMismatch <- 
i 

! OldM is an existirg transaction;  NewM is a new protocol item. 
!  Return TRUE iff NewM refers to the same transaction as OldM. 
! 
♦  »/ 

EXPR(01dM:MBSoHandle,  NewM:MessBlock; 300L) 
OldM.SDurcelD // Newl-.'.SourcelD OR OldM.DestID // NewM.DestID OR 

OldM, Source Process // NewM. Source Process OR 
OldM.DestID // NewM.DestID; 

^■^.^^^.^.^.4^-.^-^:^.:-   L* ,- 
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DobilBuffGr <- 

! Charge the space for M.Text to its destiration D, which is either 
!    a specific process or a generic category. 
! If D is a specific process ard free space has dropped below the 
!    miriinjn desirable level, cancel held Messes until enough buffer 
!    space  is reclaimed. 

EXPRCDrDestHandle, M:MessHandle) 
BEGIN 

D.FreeBufferSize <- D.FreeBufferSize - M.TextLergth; 
IsProcesr'Iar.dleCD) -> 

FOREACH CldM IN D.OutputMessQ 
DO 

D.FreeBufferSize GE Mir.Mess**) Id Threshold => 
/*  'No need to cancel further held Messes'; 

OldM. State = "Awaiting XMT" -> 
CanceIMess(01dM,  D); 

END; 
END; 

CreditBuffer <- 
t 

!  Credit the space for M Text to its destination D, which is either 
!    a specific process or a generic category. 
!   If free space now pemits buffering additional Messes, 
!    request transmission of any oeirg held by their senders 
!    until VirtualFreeSpace drops below a desirable minimum. 
! 
1  V 

EXPR(D:DestHandle, M:MessHandle) 
BEGIN 

D.FreeBufferSize <- D.FreeBufferSize + M.TextLergth; 
FOREACH OldM IN D.OutputMessQ 

DO 
VirtualFroeSpace(D) LT RequestXMITThreshold => 

/*  'No room to request further transmissions'; 
OldM.State = "Held by sender" -> 

RequestTransmissionCOldM. D); 
END; 

END; 
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VirtualFreeSpace <.- 
EXraCD.-DestHar.dle;  Integer) 

D.FreeßufferSize - D.CommittedBufferSpace; 

CommitBuffer <- 

!  Try to hold soTie of Ds buffer space for a Mess M krowr. to be comir.g. 

• »/ 
EXPR(D:De3tHar.dle, M:MessHar.dle) 

D.CommittedBufferSpace <- 
D.CommittedBufferSpace ♦ M.TaxtLength; 

Rö-nitBuffer <- 
i 

!  Inverse of CommitBuffer. 
I 
• »/ 

EXPfUDrDestHandle, MiMessHandle) 
D.CotntnittedBuff er Space <- 

D.CommittedBufferSpace - M.TextLength; 

^^""-^^-^iiiiiiiiiiniii'^'-^—-"--waiffTfi-^r— _,   m       ■■■MttiiiHiiMMiffimi^'TBi^iiifii^^ 
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1  - - - 
! 

!  Ser.d messaje-related protocol ite-ns to a remote MSG ir.star.ce, 

; */ -; 

SerdMESS <- 
EXPR(M:MessHar.dle) 

BEGIN 
M.ProtocolCoa-nar.d <- "MESS"; 
DeliverToRemoteFbstCM,  M.DestProcess.fest): 

END; 

Se.-.dME3S\0K <- 
EXPR(M:MessH3r.dle) 

BEGIN 
M.ProtocolCouTiar.d <- "MESS-OK"; 
DeliverToRemoteHDStCM, M.SDurceProcess.fest); 

END; 

Ser.dMESSXREJ <- 
EXPrKMiMessHardle, Reason:ReasorCode) 

BEGIN 
M.ProtocclCo.uTiard <- "MESS-REJ"; 
M.Reason <- Reason; 
DeliverToR2moteHost(M, M.SourceProcess.Fbst): 

END; 

SendMESS\CANCEL <- 
EXPR(M:MessHar.dle,  Reason:ReasonCode) 

BEGIN 
M. Protocol Command <- "NI ESS-CANCEL"; 
M.Reason <- Reason; 
DeliverToRemoteHDStCM,  M.DestProcess.ffost); 

END; 

SendMESSXHOLD <- 
EXPR(M:MessHandle) 

BEGIN 
M.ProtocolCommand <- "MESS-HOLD"; 
DeliverToRemoteFbst(M, M.SourceProcess.fest); 

END; 

. -^-^-^-J..^ -.^i:«^^^:.. .^^^..^^.^ ^ --    1"    -            i    I    rt-ari     r    nni^HHMMB 
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Ser.dXMIT <- 
EXPRCM: Mess Handle) 

BEGIN 
M. ProtocolCan-Tiar.d <- "X-IIT"; 
DeliverToRanotelbst(M( M.SourccProcess.Host); 

END; 

-., .c.^,—^ . ^„^:^.«^,n-r-^V::V7i£,--^-   -■ '"^-^Knilirtii V 11^^1.1^ ,1 rVli ll»    ,, 'f,   fliiifiTi^^^^^-^^ ^ ^^-*    ->—^.^^~:- ~^ ^ 



Abstract Hbdel of MSG 105 
Nbdule QUEUE 

i 

! Alarm Hardlira 
i 

!   ' V -; 

EriQOutputAlann <- 
i 

A represer.ts an a1 anr» sert by process SP. 
If the desttration process is local, make a record for the 
input and call  Er.0Ir.putMar.7i directly. 

'  V 
EXPR(A:AlarnHandleT  SP:ProcessHar.dle) 

BEGIN 
A.State <- "Awaiting ALARM-OK"; 
Insert(SP.OutputAlarmS, A); 
StartTimirg(A); 
A.DestProcess.Host // LocalFbst => SendALARM(A); 
InputA <== CopyAlarnHandle(A); 
Er.QIr.putAlarmdr.putA, SP); 
Fnee(InputA); 

END; 

EnQReceiveAlarm <- 
» 
! RA represents a ReceiveAlarn (called "Enable ala^T^, in the MSG Design 
! Specificatior.) primitive issued by process DP. 
! If no matching ALARM item has yet arrived, enqueue RA and set its 
! timer. 
! If ALARMS have been accepted, take the first, AR, out of the queue 
! and merge it with RA. Compete the ReceiveAlarm successfully. 
; 

'  »/ 
EXPa(RA:AlarnHandle,  DP:ProcessHandle) 

BEGIN 
Null(DP.InputAlarmQ)  => 

BEGIN 
EnQ(DP.ReceiveAlarnQ); 
RA.State <- "Awaiting ALARM"; 
StartTiming(RA); 

END; 
AR <== Front(DP.InputAlar.nQ); 
Seize(AR)r 
3topTimirg(AR); 
DeQ(DP.InputAlarmQ,  AR); 
MergeAlarmHardlesCRA, AR); 
Free(AR); 
Deliver(RA,  DP); 

END; 

^^^^^limflhMirolMfflV'lrr^^ „j'.ü-f^TffTT^i    n  ifiiit1i.Mr.Mf.i.Mf i,f   , n .timiiT^iO^^^rnH^^im^Ti-^ - - - S^H^^fW-H^fi-f ^W ^i^^^i^i^^.^^-^^^r-r.'Tir^^ ir «litnrtVrfrY^ TJfT - 



Abstract Nbdal of M3G ^c 
Module QUEUE J0 

Er.QInputAlarn <- 

! A represents ar. input ALARM item. 
! SP represents the source process,  if local. Otherwise,  it is null. 
! Reject A if its destiratior. process,  DP,  cannot be found or if it is 
!    not acceptirg alarms. 
! If DP has  issu3d a ReceiveAlam,  RA,  that is pending,  then accept A 
! and merge it with RA to complete the  Receive. 
! If th-re is no pending Receive, but DPs input alarm queue has room, 
! accept A ard queue it. 
! Otherwise, reject A because of the full irput queue. 

'  V 
EXPR(A:AlarmHandle, SP:ProcessHandle) 

BEGIN 
DP <== SeizeProcsssHardleCA.DestProcess); 
Null(DP)  => 

RejectAlarm(A,  "Destination process unknown", SP); 
BEGIN 

NOT DP.IAccept r> 
RejectAlarn(A,  "Process not acceptirg alarms now", 

3P); 
Null(DP.ReceiveAlarm3)  => 

BEGIN 
IsFullQ(DP.InputAlarnQ)  => 

RejectAlarmCA, ".Alarm queue for process is full", 
SP); 

AcceptAlarm(A, SP); 
A.State <- "A^aitirg ReceiveAlam"; 
EriQCDP.IrputAlarmQ, A); 
StartTimingCA, AwaitirgReceivelnterval): 

END; 
AcceptAlamCA, SP); 
RA <== Front(DP.ReceiveAlarm3); 
Seize(RA); 
StopTLming(RA); 
DeQCDP.ReceiveAlarmQ,  RA); 
MergeAlarmHandlesCRA, A); 
DeliverCRA,  DP); 

END; 
Release(DP); 

END; 
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MergeAlannHar.dles <- 

! RA represents a ReceiveAlann pri-nitive into wliich th.3 ir. form a tier 
! in A, an input alann, must be merged, so that RA can be delivered. 
j 

' »/ 

EXPR(RA:Alar:n[l3ndle, A:Alar:nHandle) 
BEGIN 

RA,Alann <- A.Alar.n; 
RA.SourceProcess <- A. Source Process; 
RA.Disposition <- "Nornal"; 

END; 

RecordALARMXOK <- 

!  AOK represents an ALARM-OK ite-n. 
!  Find and complete the corresponding SendAlarm event, 
1 

*'  »/ 
EXPR(AOK:Alar.nBlock) 

BEGIN 
A <== SeizeTrar.sactionCAOK.SourcelD); 
Null(A) OR NOT IsAlarnHarJleCA) OR 

A.DestProcess if AOK.DestProcess => 
/•  'Ser.dAlarm may have timed out'; 

SP <== SeizeProcessHar.dle(A.3ourceProcess); 
RemoveCSP.OutputAlarmS,  A); 
A.Disposition <- "Normal"; 
DeliverCA, SP); 
ReleaseCSP); 
REL(A); 

END; 

RecordALARMXREJ <- 
t 

!  AR represents an ALARM-RE J item, 
! Find and abort the corresponding SendAlann event. 
! 
• V 

EXPR(AR:AlarmBlock) 
BEGIN 

A <== SeizeTransaction(AR,SourceID); 
Null(A) OR NOT IsAlannHandle(A) OR 

A.DestProcess // AR.DestProcess => 
/* ^r.dAlarm may have timed out'; 

SP <== SeizeProcessHandle(A,Source Process); 
Remove(SP.OutputAlannS, A); 
A.Disposition <- AR.Reason; 
DeliverCA, SP); 
ReleaseCSP); 
Release(A); 

END; 

. 

JA^r ,_a,;; ^r-x^-.*.^-^.- ^B.-»^— ..^.^:..fe„.; üoiuuääaiäKuaJ 



Abstract todel of MSG 
Module QUEUE 

103 

AcceptAlann <- 
» 

! A represents ar. ir.put Alarm to b3 accepted. 
! SP is the source process, if local; otherwise it is null. 
! If the sender is remote, send an ALARM-OK. 
! If local, find and complete the original SendAlarm event. 
! It is unnecessary to seize SourceA: the callirg path 
! has it already. 
i 

• */ 
EXFR(A:AlarinHandle, SP:ProcessHandle) 

BEGIN 
Null(SP) => SendAL\RM\CK(A); 
SDurceA <== Lcx)I<upTrar.sactior.(A.SourceID); 
DeQCSP.OutputAlarmS,  SourceA); 
SDurceA.Disposition <- "rbrmal"; 
Deliver(SourceA, SP); 

END; 

RejectAlarm <- 
i 

! A represents an input Alarm to be rejected for the Reason, given. 
! SP is the source process,   if local; otherwise it is r.ul?., 
! If the sender is remote,  send an ALARM-REJ. 
! If local,  find and abort the original Send Alarm event. 
!    It is unnecessary to seize SourceA: the callirg path 
!    has it already. 

»/ 
EXPRCA-.AlarnHardle, SP:ProcessHandle) 

BEGIN 
Null(SP)  => SendALARM\REJ(A,  Reason); 
SourceA <== LookupTransactionU.SourcelD); 
DeQCSP.OutputAlarmS,  SourceA); 
SourceA.Disposition <- Reason; 
Deliver(SourceA: SP); 

END; 

-^^■'—-"•—" irmtriiiim r MifrifnMi^'afAäw^^f.TfV.'.tTJin--- mmsamm 
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! Transmit alann-ralated protocol ite;ns to a remote MSG. 
i 

' */ -; 

Ser.dALAHM <- 
EXPR(A:Alarmriar.dle) 

BEGIN 
A.ProtocolConmar.d <- "ALARM"; 
DeliverToRemotettostCA, A.DestProcess.Host); 

END; 

SerdALARM\OK <- 
EXPR(A:AlannHar.dle) 

BEGIN 
A.ProtocolConmar.d <- "ALARM-OK"; 
DeliverToRemotetbstCA, A.DestProcess.Host); 

END; 

SerdALARMXREJ <- 
EXPRCAiAlarnHardle, Reason:Reasor.Code) 

BEGIN 
A.ProtocolCoTimar.d <- "ALARM-REJ"; 
A.Rcasor. <- Reason; 
DeliverToRemoteHostCA, A.DestProcess.Host); 

END; 

w^=~im^v¥^fmtv-iatiihMm^^ ■ - r^^rr^^^zäi^i^^^r^r^ -r- ■  määmMtSiSim^isä^s^ä^i^^t. . - - ^.^^^-^H^^M^^ 
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Har.dle Direct Cor.r.ectiors 

• v -; 
tr.QOutputoper.Corn. <- 

t 

Process SP has issued an Oper.Corn, represerted by OjtC. 
OutC.Corr.Bytesize ar.d OutC.Corr.Type have beer, validated. 
Scar, its correction set for ore with the same Corr.ID as OjtC, 
ard reject OutC if another ore exists. 
If no request for a connection with raue OutC.ConnID has yet beer, received, 
ther. transmit a CONN-OPEN to the remote process (or simulate same if 
that process is local),  ar.d put OutC ir. the set of outgoing correction 
requests for SP. 
If there is a correspor.dirg ir.comirg request, call it Ir.C.   If the remote 
process names of Ir.C and OutC do rot match,  ther. reject OutC. 

Check that Ir.C ar.d OutC have agreeable types ard byte sizes.  If rot, 
abort the local pending open, which will cause CONN-CLOSE to be sent 
to the remote process. 
If the correction tyf>3S a^ree, complete the Oper.Corr primitive 
successfully, merge the input CbnnHandle into OutC, discard  Ir.C,  ar.d 
enter the merged Corr.Hardle ir SPs set of oper. corr.ectiors. 

*/ 
EXPR(OutC:Cor.nHardle, SP: ProcessHar.dle) 

BEGIN 
InC == Corr.Hardle; 
FOREACH C IN 3P.Connections 

DO C.Corr.ID = Ir.C.Corr.ID => InC <- C END; 
NOT (Null(Ir.C) OR InC.State = "Awaiting Oper.Corr")  r> 

BEGIN 
OutC.Dispositior <- 

"Already have connection of that ID"; 
DeliverCOutC, SP); 

END; 
Null(IrC)  => 

BEGIN 
Insert(SP.Corr.ectiorS, OutC); 
OutC.State <- "Awaiting CONN-OPEN"; 
SerdOperCorrCOutC,  SP); 

END; 

...   n,, r.raaTilM^if ».^i-^iO^i^.^ .    . 
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Outcast Process // Ir.C. Source Process => 
BEGIN 

OutC.Disposition <- 
"Corr.ectior. rot to process ramed"; 

DeliverCOütC, 3P); 
END; 

StopTinirgdnC); 
RenoveCSP.Corrections,  Ir.C); 
BEGIN 

Co:npatibleCor.r.Types(Ir.C,  OutC,  DjtC.Disposition)  => 
BEGIN 

MergeCor.r.HarJlesCOutC,   Ir.C); 
Ir.sertCSP.Cor.rcctiorS,  OutC); 
OutC.State <- "Connection open"; 
OutC.Disposition <- "N'ornal"; 
Send OpenConn(OutC, 3P); 

END; 
DP r= ProcessHardle; 
OutC.DestProcess.Host = LocalHost -> 

DP <- SeizeProcessHandle(OutC.DestProcess); 
RejectConnCOutC, OutC.Disposition, DP); 
ReleaseCDP); 

END; 
DeliverOjtC, SP); 
Free(InC); 

END; 

MergeCor.rHardies <- 
i 

! OutC and Ir.C are matchirg connection open requests. OutC will 
! becane the permanent record of the connection, so merge info 
! from Ir.C into it. 
i 

' «/ 
EXPRCOutC:ConnHandle,   InC:ConnHandle) 

BEGIN 
OutC.DestID <- InC.SourcelD; 
OutC.RemoteSDcket <- Ir.C.RemoteSocket; 

END; 
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EnQInputOperCorx <- 
i 

!  Ir.C represor.ts ar. irconirg request to op'3r. a correction. 
! SP is ror.-r.ull if the request is from a local process,  ir. which case 
!    it is the handle for that process. 
!  Assime that Ir.C.Cbrr.Bytesize ar.d Ir.C.C^rrType are legal. 
! Look for destir.atior. process.  If found, call  it DP.  If rot, 
!    reject the correction request. 
! Look for a pending CpenCorn by DP with sa-ne connection ID 
!    as Ir.C.    If none fcund,  then either reject IrC (if it mentions 
!    a particular transaction), or enqueue it to await the local open.. 
!   If a pending output request is found call it OutC.  Check that 
!    the remote process is the sa-ne for In.C 33 for OutC ard that they 
!    agree on the local transaction ID if Ir.C claims to know it. 
! Havir^ established that Ir.C and OutC refer to the same connection, 
!    check that a CONN-OPEN is acceptable in its current state.   If 
!    not, reject the open.    If state is "Awaitirg CONN-OPEN or 
!    CONN-CLOSE",  then adjust the state but otherwise ignore the open. 
! Stop timirg on OjtC and remove it from DP.Connections. 
! Check the compatibility of Ir.C and OutC.    If they are compatible, 
!    mark OutC complete and jeliver it to DP.    If In.C and OutC dort match 
!    abort the local OpenConn, which will cause a CONN-CLOSE to be sent to the 
!    remote process.  In either case, enter CXitC in DP.Connections,  ar.d 
!    discard Ir.C.   If the connection has been aborted,  OutC sits in 
!    DP.Cornection.S until an answering CLOSE-CONN is received or a 
!    time-out occurs. 
! 
•   »/ 

EXPR(InC:Con.r.Handle, SPrProcessHandle) 
BEGIN 

DP <== SeizeProcessHandleCIr.C.DestProcess); 
Null(DP) => 

Reject Conn (Ir.C, "Destination process unknown", SP); 
OutC — ConnHandle; 
BEGIN 

FOREACH C IN DP.Connections 
DO C.ConnID = InC.Gonr.ID => OutC <- C END; 

Null(OutC) => 
BEGIN 

NOT NulKInC.DestID)  => 
RejectConnCInC, 

"Referenced connection transaction does not exist", 
SP); 

Cardir.ality(DP. Corrections) GE Max Connections => 
RejectConnCInC, 

"Destination process connection limit reached", 
SP); 

InC.State <- "Awaiting OpenConn"; 
StartTimingCInC, AwaitinsOpenConnInterval); 
InsertCDP.Connections,  InC); 

END; 
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Outcast Process ft In C. Source Process OR 
NOT NulKIr.C.DestID) AND OutC. Source ID // IrC.DestID => 
RejectCor.rdrC, 

"Correctior. ID ir.cor.sister.t with local cor.rectior. ir.fo", 
SP) ■ 

OutC.State = "Awaiting COW-OPEN or CONN-CLOSE" => 
OutC.State <- "Avmtir.g CONN-CLOSE"; 

OutC.State // "Awaitir.g CONN-OPEN" => 
RejectCor.r.dr.C,  "Alreaiy nave cor.rectior. of that ID", 

SP); 
StopTimirsCOutC); 
MergeCorr.Har.dlesCOutC,  Ire); 
CoiTipatibleCorr.Typesdr.C,  OutC, OutC.Disposition)  => 

BEGIN 
OutC.State <- "Correctior open"; 
OutC.Dispositior  <- "Normal"; 
Deliver(OutC, SP); 

END; 
OutC.State <- "Mis-natch - awaitir.g CONN-CLOSE"; 
Ser.dCloseCor.n(OutC, OutC.Disposition, DP); 

END; 
Release(DP); 

END; 

CompatibleCorrectionTypes <- 

Returns TRUE iff C1 and C2 have the same byte size and complementary 
connection typos. 

Sets disposition appropriately if there is a Tiisnatch. 

»/ 
EXPR(C1:Cor.rHardle, 

C2: Conn Handle, 
Disposition:R3asorCode SHARED; 
BOOL) 

BEGIN 
CI.ConnBytesize // C2.CornBytesize => 

BEGIN 
Dispositior <- "Connection byte size mi snatch"; 
FALSE; 

END; 
CASECCl.Conr.Type,  C2.Cor.nType] 

["ServerTELNET",  "UserTELNET"], 
["UserTELNET", "ServerTELNET"] r> TRUE; 

["Binary", "Binary"] => 
CAS£[C1.Corn Direction, C2.ConnDirection] 

["InOut", "InOut"],  ["In", "Out"],  ["Out", "In"] => 
TRUE; 

TRUE => FALSE; 
END; 

TRUE => FALSE; 
END => TRUE; 
Disposition <- "Connection type mismatch"; 
FALSE; 

END; 

-^.r^r-r-. J.inaia^ajmis.^^i^. ^--■i^TO.^^^^^^J^^^„:A^^J;^^^.^;^^^^^J^^^^..Jv.1..J.._^aJ,^v^.,^.: _^----r-^-.-^aii^aEifc.^i_aL:ii^w:,.  ^,- ;J^.' ."-^ 



Abstract Model of MSG nu 
Nbdule QUCUE 

rv>3nCor.n <- 

1  If QjtC is addressed to a local process,  ther. simulate 
"    transmissior. of a CONN-OPEN by copying OutC and callir.g 

U..2 hardier for  input CON'M-OPENs. 
Othorwis?,  send a CONN-OPEN to the re-note process. 

'  »/ 
EXPfUOutC:Cor.r.Har.dle, SP: ProcessHar.dle) 

BEGIN 
CXitCD^st Process. Host = LocalFbst => 

BEGIN 
Ir.C <== ReverseCor,r.Har.dle(OutC); 
EhQInputOperCor.r.dr.C, 3P); 
Free(Ir.C); 

END; 
OutC.ProtocolCo.uTiard <- "CONN-OPEN"; 
Deliver To R^notefbsttJutC,  OutC. Dest Process. Fbst); 

END; 

SendCloseCorn <« 
i 

!   If OutC is addressed to a local process,  then simulate 
'    transmission of a CONN-CLOSE by copying OutC and calling 

the handler for input CONN-CLOSEs. 
Otherwise, send a CONN-CLOSE zo the remote process. 

V 
EXPR( OutC: Conn Handle,   Reason: Reason Code, SP: ProcessHar.dle) 

BEGIN 
OutC.Reason <- Reason; 
OutC.DastProcess.Host = LocalFbst => 

BEGIN 
InC <== ReverseCornHandle(OutC); 
Ir.C. Reason <- OutC. Reason; 
EnQInputCloseConnCInC,  SP); 
free (Ir.C); 

END; 
OutC.ProtocolCofimand <- "CONN-CLOSE"; 
DeliverToRemoteHostCOutC, OutC.DestProcess.Host); 

END; 

» 
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ReverseCorrHandle <- 
i 

! Produce a copy of C with Source ard Destination reversed,  so that 
!    a reply to C car. be ser.t. 
! 
• »/ 

EXPR(C:ConnHandle; ConnHandle) 
BEGIN 

InC <== CopyCbnr.Har.dle(OutC); 
Ir.C.SDurcelD <- OutC.DestID; 
InC.SourceProcess <- OutC.DestProcess; 
InC.DestID <- OutC.SourceID; 
InC.DestProcess <- OutC.SourceProcess: 
InC; 

END; 
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EriQOutputCloseCorr <- 

NewC represents either a CloseCor.r. pri-nitive or ar, Oper.Corr. for wtiich 
an error has occurred tryirg to establish the connection. 
Either way, it is known tmt ar. OpenGorn has been perfonned with Identifier 
NewC.Conr.ID. Call the original Cor.r.Har.dle OldC (which will be identical 
to NewC if this call results fron an error). 

Check thdt the destination process is consistent with the original open. 
Substitute NewC for OldC ir th: Transactior.Table entry 

. corresponding, to this transaction. A single transaction ID will 

! be used for both primitives. 
! Take action depending on OldC.State. 
I 

EXPfUNewCiConnHandle, SP: ProcessHandle) 
BEGIN 

OldC <== 
BEGIN 

NewC.Op # "CloseCornection" => NewC; 
SeizeTransaction(NewC. SourceID); 

END; 
FOREACH C IN 3P.Connections 

DO 
NewC.ConnID = C.CornID => 

[) OldC <- C; OldC // N-wC -> Seize(OldC)  (]; 
END; 

BEGIN 
OldC.DestProcess // NewC,DestProcess => 

BEGIN 
NewC.Disposition <- 

"Connection not to process r.amed"; 
Deliver(NewC, SP); 

END; 
ReplaceTransactionHar.dle(01dC.SourceID,  NewC); 
CASELOldC.State] 

["Awaiting CONN-OPEN"]  => 
f 

! User process issued Close before completion 
! of Open. Abort the OpenGorn, send CONN-CLOSE, 
! wait for possible CQNM-OPEN, then CONN-CLOSE, 
! and abort the CloseConn after this exchange. 
i 

»/ 
BEGIN 

StopTimir.g(OldC); 
OldC.Disposition <- "Superseded by close"; 
Remove(SP.Connections, OldC); 
Deliver(OldC, SP); 
Release(OldC); 
NewC.State <- 

"Awaiting CONN-OPEN or CONN-CLOSE"; 
NewC.Disposition <- "Connection not yet open"; 
Insert(SP.Connections,  NewC); 
StartTiming(NewC); 
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SendClossCorrCNewC,  "Oper, superseded by close", 
SP); 

END; 
["Correctior; oper."] => 

i 

! Could bd a rormal Close or error durirg correctior attempt. 
! Replace OldC by NewC ir  the correctior. set.  (Do this before 
! freeirg OldC,  ir case OldC = NewC!). 
! Ser.d CONM-CLOSE and wait for ackr.owledgeuert. 
! NewC.Disposition iriicatcs error,  if ar.y. 

'  »/ 
BEGIN 

RemoveCSP.Corr.ectior.S, OldC); 
MergeOper.IrtoCIoseCMcwC,  OldC); 
IrsertCSP.Corr.ectionS,  NawC); 
Free(OldC); 
N-wC.State <- "Awaitirg CONN-CLOSE"; 
StartTimir^CNewC,  AwaitirsCONNNCLOSEIrterval); 
Ser.dCloseCorrCNewC,  NewC.Disposition. SP); 

END; 
["Misnatch - awaitirg CONN-CLOSE"]  => 

i 

! Ar. Oper.Corr  is perdirg.   Abort it  irrnedlately. 
! CONN-CLOSE has already beer ser.t.  Await the reply, 
! ther abort the CloseConn. 
i 

'  »/ 
BEGIN 

StopTimir.g(OldC); 
RemoveCSP.Corrections,  OldC); 
MergeOpenlntoCloseCNewC, OldC); 
Deliver(01dC,  SP); 
NewC.State <- "Awaitirg CONN-CLOSE"; 
NewC.Disposition <- "Correctior not yet open"; 
Insert(3P.Corrections, NewC); 
StartTimir.g(NewC); 

END; 
["Awaiting CloseConn"] => 

!  Could be normal Close or error durirg attempt to connect. 
!  NewC.Disposition ir.dicates which. 
!  (Freeirg of OldC must follow delivery of NewC in case the 
!    two are identical!) 
! 
♦  V 

BEGIN 
StopTiming(OldC); 
Remove(SP.Connections,  OldC); 
Deliver(NewC, SP); 
Free(OldC); 

END; 
["Awaiting CONN-CLOSE"], 

["Awaiting CONN^DPEN or CONN-CLOSE"] => 
BEGIN 

iririHmrrriTr-MT---T 
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NewC.Disposition <- "Redur.dar.t close"; 
DelivcrObwC, 5P); 

ENu; 
END; 

END; 
OldC If NewC -> Release(OldC); 

END; 

MergeOperlrtoClose <- 
i 

! CloseC is about to replace Oper.C in a set of Corrections. 
! Copy the necessary connection information from Oper.C to CloseC. 
I 
; V 

EXPR( CloseC: ConnHandle,  Oper.C: Conn Handle) 
BEGIN 

CloseC.DestID <- Oper.C.DestID; 
CloseC.Correction <- Opsr.C.Correction; 
CloseC.Local Socket <- OperC. Local Socket; 
CloseC.RemoteSockit <- OperCRa-noteSocket; 

END; 

RejectConr. <- 
t 

! InC is ar irconirg Corr.Oper. or Conn.Close request, tätlich must 
!    be rejected. 
! SP is the source process, if local, otherwise null. In tha local case, 
! it is not necessary to seize the source transaction because 
! the calling path alreaiy has it. 

i 

• V 
EXPR(InC:ConnHandle,   Reason:R3asonCode, 3P:PnocessHandle) 

BEGIN 
Null(SP) => SerdCONNNREJCReverseComHardleCIrc),  Reason); 
RejectOutputConnCLookupTransactiondr.C.SourcelD),  Reason, 

SP); 
END; 

RejectOutputConn <- 
t 

! (XjtC is an output OpenConn or CloseCbnn from process SP. 
: It is to be rejected for the Reason given. 
! Be sure OutC is in the pnoper state to receive a rejection. 
! If so, abont CXitC,  passing along the neason for rejection unless 
! OutC holds a pnior error code, which takes precedence. 

• •/ 
EXPR(OutC:ConnHandle, Reason:ReasonCode, SP:ProcessHandle) 

BEGIN 
OldC.State = "Correction open" OR 

OldC.State = "Awaiting OpenConn" OR 
OldC.State- = "Awaiting CloseConn" => 
MSGErrorC'Connection rejection in wrong state1); 

StopTiming(OldC); 
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IsNormaKOldC.Disposition) -> OldC.Disposition <- Reason- 
Remove(SP.Connections, OldC); 
Deliver(01dC,  SP); 

END; 
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EnQIr.putCloseCor.r <- 

! MewC represerts an ir.ccxnir.g correction close request. 
! If SP is r.or.-null,  tlien the correctior is irtrahost, ard 3P represents 
! the source of this Close. 
! Look for a correction record that either represents a previous input 
! CONN-OPEN (State = "Awaiting Open.Conn"), or the local response to such 
! an input. 
!  If no destination or no matching connection car be found, reject the 
'    Close unless tae reason accompanying it is "ACKing your close".  Such 
!    a belated Close could result frort tinoouts. 
I  Otherwise,  take action appropriate to the state of the connection found. 

'  V 
EXPROIewC.-ODrnHandle, SPiProcessHandle) 

BEGIN 
DP <== SeizeProcessHandleCJewC.DestProcess); 
Null(DP)  => 

NewC.Reason //  "ACKing your close" -> 
RejectCor.r.(NewC, "Destination, process unkr.owr.", SP); 

BEGIN 
OldC == ConnHardle; 
FOREACH C IN DP.ConnectiorS 

DO 
Matchin.gConn(C,  NewC)  => 

[) OldC <- C; Seize(OldC)  (]; 
END; 

Null(OldC)  => 
NewC.Reason // "ACKing your close" -> 

Reject0Dnn(NewC, "Ihkr.own connection", SP); 
CASE[01dC.State] 

["Awaitirg Open.Conn"] => 
t 

!  Sender is withdrawing a previous CONN-OPEN. 
! Acknowledge and discard transaction. 
! 
f  «/ 

BEGIN 
StopTimir.g(OldC); 
Remove(DP.Connections, OldC); 
SendCloseConn(ReverseConnHandle(01dC), 

"ACKing your close", DP); 
END; 

["Connection open"] => 

! Sender is initiating a connection close exchange. 
! Wait for local process to respond. 

• »/ 
BEGIN 

OldC.State <- "Awaiting CloseConn"; 
StartTimir.gCOldC, AwaitingCloseConnInterval); 

END; 
["Awaiting CloseConn"] => 

^^w^.-^^pp.jp^^^^^a^^ >i iTfurtraiM^iMr ir ■:-'  -^^ - __ ' irrfiwW'rli^'iiriiM^iMit^iirilnBKaikiiiirMinrilffrF^-- 
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["Awaitirj CO:;:J-OPE:N"] => 
MSGErrorCLnpr^por response to CONN-OPEN'); 

["Awaitirj C0NN-CL0SEn3, 
["Misnatch - awaitlr.g CONN-CLOSE"], 
["Awaitirg CONN-OPEN or CONN-CLOSE"] => 
BEGIN 

StopTimir.3(01dC); 
RemoveCDP.Cor.r.ectiorS, OldC); 
DeliverCOldC,  DP); 

END; 
END; 
Release(OldC); 

END; 
Release(DP); 

END; 

MatchingCor.r <- 
EXPR(01dC:Cx.r.Hjr.dle, NewCiO^r.r.Handle; BOOL) 

BEGIN 
OldC.State = "Awaitirg Oper.Cor.r." => 

OldC.SourceProcess = NawC.SourceProcess AND 
OldC.^urcelD = NewC. Source ID; 

OldC.DestProcess = NewC.SourceProcess AND 
01dC.D33tID = NewC.SDurcelD MID 
(NulKNcwC.DestID) OR OldC. SxircelD = NewC.DestID); 

END; 

RecordCONNXREJ <- 
i 

! CR is an irccmir.g CONN-REJ item. 
! If the designated transaction carrot be found,  igrore CR. 
! Otherwise, abort ar.d deliver the origir.al Open Conn or CloseCor.n. 

EXPR(CR:ConnBlock) 
BEGIN 

OldC <== SeizeTrar.sactior.(CR.D(?stID); 
BEGIN 

Null(OldC) OR NOT IsCor.nHar.dleCOldC) OR 
OldC. Source Process if CR.Dcst Process OR 
OldC. Dest Process // CR. Source Process => 
/• 'Transaction could have tlned Dut1; 

SP <== SeizeProcessHirdleCOldC.SourceProcess); 
RejectOutputConn(OldC, CR.Raason, SP); 
Release(3P); 

END; 
Release(OldC); 

END; 
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i 

!        Utility Routines 
! 

DeliverToRemoteHost <- 

' v -; 

! T represer.ts a trar.sactior. for which a protocol item must be sent 
! out to host H. 
! 
• V 

EXPR(T:Trar.sactiorHandle, H:HostCode) 
BEGIN 

RH <== SeizeHjstHar.dleCT.DestProcess.Pfost); 
DeliverCT,  RH); 
Release(RH); 

END; 

Deliver <- 
i 

! U is either a local process or a renote host. 
! T is a trar.sactior with output ready for U. 
! Let SH be the delivery server  for  U. 
! If T is ar. alarn,  give it special  priority. 
! If SH is asleep, SIGNAL to wake it up,  and set a flag to avoid 
!    redir.dant SIGNALS by other paths. 

• V 
EXPRCT:TransactionHandle,  UiUserHandle) 

BEGIN 
DECL SH:ServerHandle LIKE Seize(U.DeliveryServer); 
NonAlamsQuaued < = = FALSE: 
FOREACH QT AT QTLocation FromFrortOf SH.DeliveryQ 

DO 
NOT IsAlarraHandleCQfT) => 

BEGIN 
NonAlarmsQueued <- TRUE; 
ErQAtCQTLocation, T); 

END; 
END; 

NOT Non Al arms Queued -> Er.Q( SH.DeliveryQ, T); 
IsProcessHandleCJ) -> T.Scate <- "Delivered"; 
NOT SH.Running -> 

[) SIGNALCSH.WakeUpSignal);  SH.Running <- TRUE (]; 
Release(SH); 

END; 
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M3tcnir.ProcessN3.es <- ^ ^ c^p3iible 

'S^st ; «ftlf f S-Ircarration AND 

(NuUCGNane.ir.scarc; 

Er.codeGer.ericN3.e <- 7preric codes. 

!  ., -.n^sCode) SHARED; 300L) 
EXPR(Cla5s:Ur.ior.(Strxr.äPtr. -« 

BEG
NS IsStrlr.PtKaass) -> ^; 
?Ä'-GHFllfBir.eri=Ta^e 

^ir^I1?-3!^; ciais <- opcode (3; 
END; 

Four.d; 
END; 

Oe^Oenericdass <- ^ ^^ strir, 

« Translate a generic class 

1 V •  ^r    Ger^ricaassCode) SHARED) 

nrrtM .-  .,,-..^v r^^cocled,; 
(Class:uriui-v^w. . 
GIN IsStrir.gPtr(Class) => /*  'Air3ady decoded1; 
Class <- GanericTableLClass].Class; 

BEGIN 
Is" 
Cl 

END; 

-ff-lfrrt'iitTlitiTiilh'if-f'T^ n' it.WiMfiVii.iii.1 - ii ,nm¥iTa-ir,u^Tiri'r,^m-^-ar t,t   i--^^^^«^^^^g=^^^i»rti--:TTWliT-i7l"-v-'-------  illiii. ^ „.jy^-'W^^^" 
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*  . . . 
i 

! Trar.sactior Table Access 
! 
! Trar.sactior.Table :Tiaps Trar.sactior IDs irto Trarsactior.lhr.jlos. 
t    O.e possible ftiethod of ercodirg table ir.dicos is part of trar.sactior. 
!     identifiers is dascribeJ  ir. the M3: Desi^r Specificatior. 
i 

!  Trar.sactior.Table er.tries are allocated by Assi^r.Trarsactior.ID ar.d 
!    freed by Free. 
! 
' v -; 
LookupTrar.sactior. <- 

EXPR(ID:Trar.sactior.ID; Trarssctier.Handle) Trar.sactior.^ble[IDJ; 

SeizeTrarsaction <- 
EXPRdDiTrarsactionID;  Trar.sactior.Handle) 

SeizeCLooküpTrarsactiorCID)); 

ReplaceTransactior.Har.dle <- 
EXPRdDiTransactiorlD, T:i:Tr3r.sactior.iiar.dle) 

LookupTrar.sactiorCID)  <- TH; 

» « « - 
i 

! Process Table Access 
i 

! ProcessTable maps local process instance identifiers to ProcessHandles 
! A method of ercodirg table indices in instance nunbers which results in 
! infrequent reuse of irstance identifiers is described ir the MSG Design 
! Specification. 

! 
• */ -; 

LookupProcessHandle <- 
EXPIUP: Process Name;  ProcessHandle)  ProcessTable[ P. Instance]; 

SeizeProcessHandle <- 
EXPP. IP: Process Name;  ProcessHandle) 

Seize(LookupProcessHandle(P)); 
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Cancelllr.S Tr3r.3actior.s 

There are four ways a trar.sactior. evert may termir.ate abrormally: 
. Rescird 
. StopMe 
. host  death 
. tiueout 

These possibilities are cor.siiered In the table which follows. It cor.tairs 
all possible trar.sactior states ar.i the action to be taker, for each state. 
Table entries have the form: 

state ra-ne 
cor.ditiors precedert to this state 
remote actior. taker  ler. erterir^ this state 
local actior taker when cancelling 
remote actior. taker wncr car.cellirg 

(parenthetical remarks irdicate liter independent resporses) 
possibility of Rescind 

T and P are the transaction at issue ar.d its owr.ir 3 process. The S and D 
prefixes indicate source ard jestiratior respectively. R is the delivery 
queue of the network server. Tir.R is true when T is in R.'; 

Mess Output 

Awaiting MESS-OK 
OutputMess  I   Awaiting 5WIT i XMl received 
send ME3S 
[)  StopMe => DaQCSP.OütputMessQ, ST);  RejectOutputMess(SP)   (] 
Tir.R -> [) Old => set MEoS-CANCEL;  DeQ(R,  ST)  (] 

(Not Tir.R: .^ESS-HOLD receiv-d — send MESS-CANCEL) 
Tir.R -> rescissible 

Awaitir.g WIT (remote) 
Awaiting MESS-OK & MESS-HOLD received 
ser.d HOLD-OK 
[) StopMe => DeQ(SP.Out?utMessQ, ST);  Reject0utpu,:.Me3s(SP)  (] 
[) TinR r> set; ser.d  (] MESS-CANCEL 
rescissible 

Awaitir.g 3MIT (local) 
OutputMess 

0 StopMe => DeQ(SP.0utputMe3sQ,  ST);  RejectOutputMess(SP)  (]; 
DeQ(DP.InputMes3Q, DT) 

rescissible 
Awaitir.g prior MESS completior 

OutputMess & (sequerce  i  stream-mark) block 

[) StopMe => DeQ(SP.OutputMessQ, ST);  RejectOutputMess(SP)  (] 

rescissible1; 
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' Mess Input 
! 
! Awaiting HOLD-OX 
! MESS received & ro buffer space 
! send M£3S-HXD 
! DeQ(DP.In?ucMessQf  DT) 
! TirR -> set ME3S-REJ 
! (Mot TirR:  HOLD-OK received — send MESS-REJ) 
! 
! Held by sender (re-note) 
! Awaitirg HOLD-OK '« HCLD-OK received 
! 
! DeQCDP.InputMessQ,  DT) 
! ser.d MESS-RZJ 
! 
! Held by sender (local) 
'■ locol mess  received i no dest buffer space i source buffer space 

! RejectOutputMesstSP); DsQCDP.InputMessQ, DT) 

! 
! Awaitir.ä retransnission 
! Held by renote sender ^ buffer space 
! send XMIT 
! DeCKDP.InpulMessQ,   DT);   ReTiitBuffer(D?,   DT) 
! TinR -> set MESS-REJ 
! 
! AwaiLing ReceiveXess 

local mess received   |  Held by local sender i buffer space 
! 1 MESS received i buffer space 
! remote -> send MESS-OK 
! DeQ(DP.Ir.pucMessQt DT); CreditBufferCDP, DT) 

i -'; 

1 Receive Mess 
! 
! Awaitirg MESS 
! ReceiveMess 

I    I DeQ([) IsGeneric(DT) => DPsGenericHandle;  DP (].ReceiveMessQf DT) 

! rescissible'; 
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Alarm Output 

Awaiting ALAW-OK 
CXitputAlam 
send ALARM 
Remove(3P.OutputAlarmS,  3T) 
Tir.R -> DoQCR, ST) 
TinR -> rescissible'; 

Alarn Input 

Awaiting ReceiveAlarn 
ALARM received 
send AURi'l^DK 
DeQCDP.AlarmlnputQ, DT) 

Alarn Receive 

Awaiting ALARM 
R^ceiveAlarm 

DeQCDP.ReceiveAlannQ,  DT) 

rescissible'; 

Conn Open 

Awaiting CONN-OPEN 
Open Conn 
send CONN-OPEN 
Remove(P.Connections, T); 
[) TinR => DeQCR, T); send CONM-CLOSE (j 
TinR -> rescissible 

Awaiting OpenConn 
CONN-OPEN received 

RemoveCP.Connections, T) 
send CONN-REJ 

Connection open 
OpenConn & CONN-OPEN received 

RemoveC P.Connections, T) 
send CONN-CLOSE 
StopMe only'; 
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Nodule CANCEL 

' Corn Close 

Awaitirg CONN-CLOSE 
Close Cor;. 
send CONN-CLOSE 
[)  (rescind i TirR & viable corr-cti-r) -> set Connection open; 
ReraoveCP.Connections, T) (] 

(rescird & TirR)  -> DBQCR, T) 
(viable ccnnection 9x TirR) -> rescissibls 

Awaiting CloseCorr 
CONN-CLOGE received 

R3move(F.Connections, T);  (timeout -> activate ConnBroken ..igt ai; 
send   CONN-CLOSE 

Awaitirg CONN-OPEN or CONN-CLOSE 
Awaitirg CONN-OPEN i CloseConn 
send CONN-CLOSE 
Remove(P.Conr.ectiorS, T) 

(iisnatch — awaitirg CONN-CLOSE 
CONN-OFEN mismatch 
send CON'N-CLOSE 
RemoveCP.Connections, T) 

the Delivered state — Awaitirg user  | network delivery 
No actior'; 

Notes 
rescird 

!     if not rescissible, do rothirg 
!     stop timing 
!     local and r-Tnote cleanup 

direct delivery 
StopMe 

stop timirg 
local and rsmote cleanup 
no delivery 

deadhost 
stop timirg 
loci, cleanup 
delivery via server 

timeout 
local and remote clear.up 
delivery via server'; 
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FtescirdPendiriEvert <- 
» 

RsscirdPerdirinvert encodes ths part of the above table 
havir.g to do specifically with rescission. First a test is 
dor.e to determine if tne evert is ir a rescissible state. 
If it is then both network and local action are taker. 
Delivery is done by the callir^ routine. Carcellirg message 
trarsactiors where both serder ard receiver are local is 
hardled specially. 

»/ 
EXPiUEiTrarsactionHandle,   EsProcess:DestHardle;  ReasonCode) 

BEGIN 
DECL RescissiMeiBOOL; 
Rescissible <- 

CASEiE.State] 
["Awaiting XMIT"], 

["Awaiting prior MESS completion"], 
["Awaitir^ MESS"], 
["Awaitirg ALARM"] => TRUE; 

["Awntirs MESS-OK"], 
L Awaiting ALARM-OK"], 
["Awaiting C0NN-0F£N"] => 
HasPer.dirgProtocolOutputCE); 

["Awaiu^ng CONN-CLOSE"]  => 
HasPer.dir.gProtocolOutput(E) AND 

NOT Nu UC 2. Connect ion); 
TRUE -> FALSE; 

END; 
NOT Rescissible => :;Unable to Rescind"; 
StopTiraing(E); 
IsLocalTrarsactior(E)  => 

BEGIN 
RescirdLocalEvert(E,  EsProcess); 
"Event rescirded"; 

END; 
E.State = "Awaiting CONN-CLOSE" => 

BEGIN 
StopProtocolOutputCE) 
E.State <- "Correction open"; 
"Event rescirded"; 

END; 
RemoteCarceKE,  EsProcess, 

BEGIN 
MD(E) = MessHandle => 

"Message rescinded or timed out"; 
"Transaction rescinded"; 

END); 
E.Dispositior <- "Event rescirded"; 
LocalCarceKE,  EsProcess); 
"Event rescinded"; 

END; 
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Rescir.d Local Event <- 

Rescir.dLocalEvent hardies "Awaiting XMIT" rescission 'wliere 
both the sender and receiver are local. The source event is 
rejected and the destination event is dequeued. 

V 
EXPR(3T:TransactionHandle, SP:DestHandle) 

BEGIN 
DECL DPiProcessHandle LIKE 

Seize DestH-ardle(ST.DestProcess); 
DECL DTiTransactionHandle LIKE 

SeizeTransactionCST.DestID); 
ST.Disposition <- "Event rescinded"; 
RejectCXitputMess(ST, ST.Disposition, SP, 

TRUE IE NoDeliver); 
DeQCDP.InputMessQ,  DT); 
Release(DP); 
Free(DT); 

END; 
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StopTrarsaction <- 

! 

StopTransactior encodes the part of the above table having 
to do specifically with StopMe. It car be called with 
T in any state. Ebth network and local action are taken. 
No delivery is done, since the process is terminated. 
Local message output trarsactior.s are treated specially 
(activating messages "Awaiting prior MESS completion" vi 
RejectOutputMess is avoided). 

ia 

1   »/ 

EXPR(T:Tran3actionHandle, TsProcess:DestHandle) 
BEGIN 

IsLocalTrar.sactio'.CT)  => 
StopLocalTransaction(T, TsProcess); 

T.State = "Connection open" => 
BEGIN 

SendaoseCbrnCT,  "Process terminated", TsProcess); 
RemoveCTsProcess.Connections,  T); 

END; 
IsPassiveTransaction(T)  => NOTHING; 
StopTiming(T); 
RemoteCanceKT, TsProcess, "Process terminated"); 
BEGIN 

T.State =  "Awaiting MESS-OK" OR 
T.State = "Awaiting JMIT" OR 
T.State = "Awaiting prior MESS completion" => 
DeQdsProcess.OütputMessQ, T); 

LocalCanceKT, TsProcess); 
END; 

END; 

StopTjOcalTransaction <- 

Stop handles message transactions where both the sender and 
receiver are local.    The source transaction is dequeued if 
ovced by the stopping process, otherwise it is rejected and 
delivered.    The destination transaction is dequeued. 

»/ 
EXPR(T:TransactionHandle,  P;DestHandle) 

BEGIN 

DECL IsSenderrBOOL LIKE T.State = "Awaiting XMIT"; 
DECL Matching?:ProcessHandle LIKE 

SeizeDestHandleCBEGIN 

IsSender => T.DestProcess; 
T.SourceProcess; 

END); 
DECL Matching!.-TransactionHandle LIKE 

SeizeTransactionCBEGIN 
IsSender => T.DestID; 
T.SourceID; 

END); 
BEGIN 
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IsSer.der => 
BEGIN 

DeQCP.OutputMessQ, T); 
DeQ(Matchir.gP.Irpur.?-tes3Q, MatchirgT); 

END; 
MatchirgT.Disposition <- "Process terminated"; 
RajectOutputMessCMatchirsT,  MatchirgT.Disposition, 

MatchingP, TRUE IE NoDeliver); 
DeQCP.InputMessQ, T); 
DeliverCMatchirgT, Mitchir.gP); 

END; 
ReleaseCMatching?); 
Free(MatchirgT); 

END; 

HostDeadTransactior <- 
t 

! HostDeadTrarsactior. encodes the part of the above table 
! having to do specifically with the failure of an MSG. 
! Only local action is taken,  and the result is delivered via 
! server.    If the owrir.g process carrot be seized FALSE is 
! returned. 
i 

»/ 
EXPR(T:TransactionHandle; 300L) 

BEGIN 
IsPassiveTransactionCT)  => TRUE; 
DECL TsProcessrDestHar.dle LIKE 

TestSeizsDestHardle(OwningProcess(T)); 
NulKTsProcess)  => FALSE; 
StopTimng(T); 
DECL TsOldStaterR^asonCode LIKE T.State; 
T.Disposition <- "Fbst died"; 
LocalCanceKT, TsProcess); 
DeliverCancel(T, TsProcess, TsOldState); 
Release(TsProcess); 
TRUE; 

END; 

JTOfilr.Vi-rfiirMrn- 
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TimeoutTransactior. <- 

i 

i 
i 

i 
i 

! 
I 
•   »/ 

TimeoutTransactior encodes tha part of the above table 
having to do specifically with timeout.    Both network and 
local action are taken,  and the result is delivered via 
server.   If the owning process carrot be seized FALSE is 
returned.    Cancelling message transactions where both sender 
ard receiver are local is handled specially. 

EXPR(T:TransactiorHandle; BOOL) 
BEGIN 

DECL TsProcess:DestHandle; 
IsLocalTransactionCT) => TimeoutLocalTransaction(T); 
TsProcess <- Te3tSeizeDestHandle(0.^ir.gProcess(T)); 
Null(TsPrccess)  => FALSE; 
DECL Ts01dState:StateCode LIKE T.State; 
RetnoteCancelCT, TsProcess, 

BEGIN 
T.State = "Awaiting CONN-OPEN" OR 

T.State = 
"Awaiting CONN-OPEN or CONN-CLOSE" => 

"Timed out waiting for your CONNECTION-OPEN"; 
IsMessHandle(T)  => 

"Message rescinded or timed out"; 
"Transaction timed out"; 

END); 
T.Disposition <- "Transaction timed out"; 
LocalCanceKT, TsProcess); 
TsOldState = "Awaiting CloseConn" -> 

T.Op <- "StcpMe" /*  'for connection-broken signal1; 
DeliverCanceKT, TsProcess, TsOldState); 
Release(TsProcess); 
TRUE; 

END; 

TimeoutLocalTransaction <- 

TimeoutLocalTransaction handles message transactions where 
both the sender ard receiver are local.    The source 
transaction is rejected, the destination transaction is 
dequeued and the source transaction  is delivered.    If the 
owning process cannot be seized FALSE is returned. 

»/ 
EXPRCTiTransactionHandle; BOOL) 

BEGIN 
DECL IsSenderrBOOL LIKE T.State = "Awaiting XMIT"; 
DECL SPtProcessHardle LIKE 

TestSeizeDestHandleCT.SourceProcess); 
Null(SP)  => FALSE; 
DECL DP:ProcessHandle LIKE 

TestSeizeDestHandleCT.DestProcess); 
Null(DP) => [)  Release(SP); FALSE (]; 
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DECL MatchingT:Trar.sactior.Har.dle LIKE 
TestSeizeTransactiorCBEGIN 

IsSer.dsr => T.DestID; . 
T.SDurcelD; 

END); 
Null(Matchir.gT) => [) RsleaseCSP); Release(DP); FALSE (]; 
DECL ST:Trar.sactiorHandle LIK£ 

[) IsSerder => T; Matchir.gT (1; 
DLCL DTiTrar.sactior.Hardle LIKE 

[) IsSerder => MatchirgT; T (]; 
ST.Dispositior <- DT.Dispositior <- "Evert timed out"; 
ReiectOutputMessCST, ST.Disposition, SP, 

TRUE IE MoDeliver); 
DeQCDP.IhputMessQ, DT); 
Deliver(ST, SP); 
Release(3P); 
ReleaseCDP); 
Free( MatchirgT); 
TRUE; 

END; 
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LocalCancel <- 

LocalCancel encodes the local action part of the above table. 
In general this consists of ctequeuirg the transaction from 
the proper process QUBUC. 

»/ 
EXPRCT:TransactionHandle, TsProcess:DestHandle) 

CASE[T.State] 
["Awaiting MESS-OK"], 

["Awaiting XMIT"], 
["Awaitir^, prior MESS canpletion"] => 
RejectOutputMessCT, T.Disposition, TsProcess, 

TRUE IE NoDeliver); 
["Awaitirg HOLD-OK"],   ["B3IJ by sender"]  => 

DeQCTsProcess.InputMessQ, T); 
["Awaiting retransmission"] => 

BEGIN 
DeQCTsProcess.InputMessQ, T); 
RemitBuffer(TsProcess, T); 

END; 
["Awaiting ReceiveMess"] => 

BEGIN 
DeQCTsProcess.InputMessQ, T); 
CreditBuffer(TsProcess, T); 

END; 
["Awaitirg MESS"]  => 

BEGIN 
NOT T.IsGeneric => DeQCTsProcess.ReceiveMessQ, T); 
DECL G:Generic Handle LIKE 

Seize(GenericTable[TsProcess.Name.GenericName]); 
DeQCG.ReceiveMessQ, T); 
ReleaseCG); 

END; 
["Awaiting ALARM-OK"] => 

Remove (TsProcess. Output Al armS, T); 
["Awaiting ReceiveAlarm"]  => 

I^Q(TsProcess.Ir.p;itAlarmQ, T); 
["Awaiting ALARM"] => DeQ(TsProcess.R-ceiveAlarnQ, T); 
["Awaiting CONN-OPEN"], 

["Awaiting OpcnConn"], 
["Awaiting CONN-CLOSE"], 
["Awaiting CloseConn"], 
["Awaiting CONN-OPEN or CONN-CLOSE"], 
["Mismatch — awaiting CONN-CLOSE"] => 
Remove(TsProcess.Connections, T); 

["Delivered"] => NOTHING; 
TRUE => MSGErrorCBad cancel state'); 

END; 
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RsnnoteCarcel <- 
i 

!    Re;noteCar.c3l encodes the network action part of the above 
1    table. In general this consists of sending a protocol iten, 
!    or changing or removing a protocol iien  ready to be sent. 

*/ 
EXPRCT-.Transactior.Handle, 

TsProcess:DestHandle t 
Why:ReasonCode) 

CASE[T.State] 
["Awaitirg MESS-OK"] => 

BEGIN 
HasPendingProtocolOutputCD  => 

BEGIN 
NOT Null(T.DestlD)   => 

ChangeProtocolOutputCT,  "MESS-CANCEL", '^Jhy); 
Stop ProtocolOüt?ut(T)j 

END; 
END; 

["Awaiting XMIT"] => 
BEGIN 

HasPerdirgProtocolOutputCT) => 
ChargaProtocolOutputCT,  "MESS-CANCEL",  Why); 

SendMESSXCANCELCT, 'Why); 
END; 

["Awaiting HOLD-OK"] => 
HasPendingProtocolOutputd)  -> 

ChangeProtocolOutp-jtCT, "MESS-REJ", Why); 
["Held by sender"]  => SendME3S\REJ(T,  Why); 
["Awaiting retransoiission"] => 

HasPendingProtocolOutput(T)  -> 
ChangeProtocolOutputCT, "MESS-REJ", 'Why); 

["Awaiting ALARM-OK"]  => 
HasPendingProtocoiOutput(T) -> StopProtocolOutput(T); 

["Awaiting CONN-OPEN"]  => 
BEGIN 

HasPendirgProtocolOutput(T) => StopProtocolOitputCT); 
SendCloseConnCT, Way, TsProcess); 

END; 
["Awaiting OpenConn"]  => RejectConn(T, Why, TsProcess); 
["Awaiting CloseConn"] => 

SendCloseConnCT, Why, TsProcess); 
TRUE => NOTHING; 

END; 
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IsPassiveTrar.saction <- 

IsPassiveTrar.sactior. d3ter:nir.es blether ar.y cancel action reed 
be taker.    If the trarsactior is awaiting local delivery it 
can be ignored. 

*/ EXPiUTiTrar.sactiorHardle;  300L) T.State // "Delivered"; 

IsLocalTrarsactior <- 

IsLocalTrar.sactior detemires whether a trarsactior is a 
message trarsactior with both serder and receiver local. 

*/ 
EXPR(T:TrarsactiorHar.dle; 300L) 

T.State = "Awaiting XMIT" AMD 
T.State.DestProcess.Fbst  r LocalB^st OR 
T.State r  "H3ld by sender" AND 

T.SourceProcess.hbst = LocalH^st; 

OwnirgProcess <- 

OwnirgProcess returns the process rane of the process for 
•which the given trarsactior was created. 

»/ 
EXPR(T:TrarsactiorHjrdle;  ProcessName) 

CAS£[T.State] 
["Awaitirg HOLD-OX"], 

["Held by serder"], 
["Awaitirg retrars-nissior"], 
["Awaitirg ReceiveMess"], 
["Awaitirg MESS"], 
["Awaitirg ReceiveAlarm"], 
["Awaitirg ALARM"]  => T.DsstProcess; 

TRUE => T.SourceProcess; 
END; 

HasPerdirgProtocolOutput <- 

! Has Pend irg Protocol Output determir.es whether a transaction 
! has a protocol item waitirg to be sent. 

•  »/ 
EXPR(T:TransactiorHandle; BOOL) NOT NulKT.ProtocolCornnand); 
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ChangeProtooolOutput <- 

! Char.TeProtocolOutput charges the typa of protocol Item wcitirg 
! to be sent (to one appropriate for cancellation). 
i 
• »/ 

EXPR(T:Trar.sactior.Har.dle, 
Action:ProtocolCode, 
'WhyiReasor.Code) 

[) T.ProtocolComnar.d <- Action; T. Reason <- Wliy (J; 

StopProtocolCXitput <- 
t 

! StopProtocolCXitput stops the sending of a protocol item 
! waiting to be sent by dequeuing its transaction from the 
! network delivery queue. 
I 
; V 

EXPRCTiTransactionHandle) 
BEGIN 

DECL HCiHDStCbde LIKE T.DestProcess.Host; 
DECL HH:HostHar.dle LIKE 

FOREACH H IN FbstS DO HC  = H.Ffost => H END; 
DECL HQ:Que'je(Transaction) LIKE 

HH.DeliverServer.DeliveryQ; 
Seize(HQ); 
DeQCHQ, T); 
Release(HQ); 

END; 

DeliverCancel <- 

DeliverCancel determines whether a cancelled transaction need 
be delivered (via server), and if so delivers it, 

»/ 
EXPRCT:TransactionHandle, 

TsProcess:DestHandle, 
TsOld St a t e: Re a son Cod e) 

CASECTsOldState] 
["Awaiting MESS-OK"], 

["Awaiting XMIT"], 
["Awaiting prior MESS completion"], 
["Awaiting MESS"], 
["Awaiting ALARM^)K"], 
["Awaiting ALARM"], 
["Awaiting CONN-OPEN"], 
["Awaiting CONN-CLOSE"], 
["Awaiting CloseConn"], 
["Awaiting CONN-OPEN or CONN-CLOSE"] => 
Deliver(T, TsProcess); 

TRUE => NOTHING; 
END; 
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Timer routir.es 

Doadlir.es are jbSDlute fixed p-Dir.ts, rot irtervals. 
The frort of the timer queue is the evert which will time out earliest. 
The FOREACH loop rur^s fran the frort of the queue to the back.'; 

StartTimir.3 <- 

StartTimirg takes a transaction and adds it to the timer 
queue. If a new deadlire is supplied via NewTiner, it is 
assuned to be a relative interval, ar.d is converted to 
absolute form. The timer queue is scarred, the trarsactior 
irserted ar.d, if the trarsactior is at the frort of the 
queue, the timer process is notified. 

»/ 
EXPRCNewErtry iTrar.sactiorJlardle,  NewTimer: Interval) 

BEGIN 
Seize(TimerQ); 
DECL IsAtFror.t:30X LIKE 

Null(TimerQ) OR 
NewBntry.Deadline LT Front (TimsrQ). Dead line; 

NOT Null(NewTimer)  -> 
NewBntry.Deadline <- MakeIntervalAbsoluteCNewTimer); 

BEGIN 
Null(TimerQ) => FALSE; 
FOREACH Er.try AT EsLocation FromFror.tOf TimerQ 

DO 
NewEr.try.Deadline LT Er.try.Deadline => 

[) EnQAtCEsLocation,  NewEntry); TRUE (]; 
FALSE; 

END; 
END #> ErQCTimerQ,   NewEr.try); 
IsAtFror.t -> SIGNAL(TimerSigral); 
Release(TimerQ); 

END; 
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StopTimirg <- 

!   StopTimir.3 takes a trar.sactior. and removes it from the timer 
! queue. 
! 
• »/ 

EXPR(01dEritrv,:Trar.sactior.Hardle) 
BEGIN 

SeizedimerQ); 
DeQCTimerQ, OldErtry); 
RsleaseCTimer'.;); 

END; 

TimeoutHar.dler <- 

TimeoutHar.dler waits for timeouts ar.d cancels trar.sactiors. 
It waits urtil tho jeadline of the frort er.try of the timer 
queue expires. It also waits to be sigr.alled from 
StartTimir.g that a new er.try has beer, put on the front of 
the timer queu3. When a transaction times out an attempt is 
made to seize it and car si it. If this is successful the 
transaction is removed fr^ the timer qjeue. If this fails, 
TimeoutHar.dler waits a briei interval and tries again. 

• V 
EXPBO 

REPEAT 
Seize(TimerQ) 

/*  'This may wait for StartTining or StopTimirg to Release.'; 
DECL TimeoutSigralrSigralType LIKE 

BEGIN 
NulKTimerQ) => NullSignal; 
Start Clock(B£GIN 

Front(TimerQ).Deadline LT CurrentT.imeO  => 
M3keIr.tervalAbsolute(SeizeWait): 

Front(TimerQ).Deadline; 
END); 

END; 
Release(TimerQ); 
DECL WaitSigr.al:Sigr.alType LIKE 

WAIT({ Timer Signal, Timeout Signal  }); 
BEGIN 

WaitSignal = Timer Signal => StopClook(TimeoutSignal); 
SeizeCTimerQ); 
FOREACH Er.try AT EsLocation FromFrontOf TimerQ 

DO 
CurrentTimeC) LT Er try. Deadline => NOTHING; 
TestSeize(Entry)  //> NOTHING; 
TimeoutTransaction(Entry) -> DeQAtCEsLocation); 
Free(Entry); 

END; 
Release(TimerQ); 

END; 
END; 
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i .  

! 
! MSG^SG protocol format defir.itior.s 
! 
!        

! The various fields of protocol items irput from the r.etwrk must bo 
!corverted from 8-bit byte agglcmeratior.s irto usable objects, ar.d the reverse 
!must be dore or output. The following operators define ar.d perform the 
Icor.version, allowing the mass of r.etv*>rk data to be accessed as a data 
!structure. 
! The FORMAT operator defines the simulated data structure of the protocol 
!items, with ^ach field being given a name, a mode and a length in bytes. 
! Some field specifications vary from this general form, ard employ the 
!following operators in their definition. The ~ operator irdicates that a 
!field is actually composed of i nunber of subfields, which are defined in. the 
»FORMAT chat " takes as its argument. Tne Ä operator irdicates that a field 
!requires special processing to convert it, with * taking as its argument the 
'.routine to do the processing. The — operator indicates that a field is rot 
!converted by FORMAT at all, but is included for docunentation purposes. 
! Tne 2 operator irdicates a field that may be assigned directly to and 
ffrom an appropriate internal data structure. Such direct assignments are 
Iperformed with the <ll and II> operators. 
!   The I operator is used to reference individual fields, the format to 
!which the I applies having been chosen by either the <ll, !!> or II operator. 

> 

Header <- FORMAKLength:ShortInt(2), Command:ProtocolCodeC1)); 

» 

i Mess-related formats'; 

MessFormat <- 
F0RMAT(Ler.gth:ShortIrt(2), 

Command: Protocol Code( 1), 
SourcelD:? TransactionID(2), 
DestlD:^ Trar.sactionID(2)I 
FirstByte:3nortInt(1), 
IsGeneric:5 BOOL, 
IsSequenc-d:? BOOL, 
IsMarked:3 300L, 
NoHold:^ BOOL, 
HoldOk:§ BOOL, 
NoQ.Vait:B00L, 
SourceProcess:ö " MSGProcessName, 
DestProcess:^ ' MSGProcessName, 
Text:—); 
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Me3sa<For;nat <- 
F0RMAT(Ler.gth:ShortIrt(2), 

Command:ProtocolCode(1), 
5fc>urceID:Ö Tran3actionID(2), 
SourceProcass:'? " MSGProcessNime, 
DestPrccess:^ " [^SG Process Name); 

MessRejFonnat <- 
FORMAT(Lei gth: ShortIr.t(2), 

Counard:ProtocolCode(1), 
SDurceID:t? Trar3actlorID(2), 
Reason:3 Re3>?rCode(1), 
SourceProcess:9     MSGProcessName, 
DestFrooess.-i " MSGProcessName); 

MessHoldFormat <- 
FüRMAT(Ler.gth:SnorcIrt(2), 

Commar.d: ProtocolCxle( 1) y 
SourccID:^ TransactionID(2), 
DestlD:^ Tran3actionID(2), 
Source Process:3 " MSGProcassName, 
DestProcess:2 " MSGProcessName); 

HoldOkFormat <- 
FORMAT(Ler.gth^hortlrt(2), 

Conmand:ProtocolCod3(1), 
SDurceID:t? Transaction ID (2), 
DestID:-3 Transaction ID (2), 
SourceProcess:ö ~ MSGProcessName, 
DestProcess:^ " MSGProcessName); 

MessCaneelFormat <- 
F0RMAT(Ler.ith:ShortIr.t(2), 

Conmard: ProtocolODde(l), 
SourcelD::? Trar:Sactior.ID(2), 
DestlD:^ Transaction ID(2), 
Reason:Q ReasonCode(1), 
SourceProcess:§ " MSGProcessNane, 
DestProcess:§ " MSGProcessName); 

XmitFormat <- 
F0MAT(Length:SnortIr.t(2), 

Command:Protocol God e(1), 
SourcelD:? Transactior.ID(2), 
DestXD:^ Trar.sactionID(2), 
SourceProcess:5 ~ MSGProcessName, 
DestProcess:^ " MSGProcessName); 
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! Alarm-rel'ited formats'; 

Alar.nForn  t 
FORMAT(Ler .     . ShortIr.t(2), 

Coir.r. u: ProtocolCodeC 1), 
SourceID:§ Trar.sactior.IDCS), 
Alann;? Alar:nCode(2), 
Source Process :J "■ MSGProcessName, 
DestProcass:-? " MSGProcessNane); 

AlarmOkFormat <- 
F0RMAT(Lergth:SnortIrt(2), 

Cor.Tnar.d: Protocol Cod e( 1), 
SourceID:3 Trar.sactior.ID(2), 
Source Process:«? " MSGProcessName, 
DestProcessiJ "" MSGProcessNime); 

AlarmRejFormat <- 
F0RMAT(Ler.gth:SnortIr.t(2), 

Commard: ProtocolC^ded), 
SourcelD:^ Trar.sactior.ID(2), 
Reasor.:? Reason Code (2), 
SourceProc3Ss:? " MSGProccssName, 
DestProcess::} " MSGProcessNane); 

! Conr.-related formats'; 

Coix Open Form at <- 
F0RMAT(Lergth:ShortIr.t(2), 

Command:ProtocolODde(1), 
SourceID:ö TransactionID(2), 
DestID:§ Trar.S3ctior.ID(2), 
C6nnID:§ ConnIDCode(2), 
Type\duplex:B00L, 
Type\send:B00L, 
Type\receive:B00L, 
Type\ServerTELN£T:300L, 
Type\U3erTELNET:B00L, 
ConnBytesize:? Shortlntd), 
RemoteSocket:§ Integer(3), 
Source Process:5 " MSGProcessName, 
DestProcess:3 " MSGProcessName); 



Abstract Model of MSG W 
Nbdule REMOTE 

Cor.r.CioseFonnat <- 
FORMAT (Ler sth: Short Ir. 1(2), 

Command:ProtocolCode(1), 
S^urcelDi^ TransactionID(2), 
DestID:-3 Trar.saction 10(2), 
CornlD:*? Cor.nIDCDde(2), 
Reason:^ R3asor.Code( 1), 
Source Process:^ ~ '^SGProcossName, 
DestProcess:? " MSGProcessName); 

Corn RejFormat <- 
FOR:4AT(Ler.gth:ShortIr.t(2), 

Conmand: Protocol Cod e( 1), 
SourccID:? Trar.sactiorID(2), 
DestID:§ Trar.3actionID(2), 
CornID:? ConrIDCode(2), 
Reason:^ R?asonCode(1), 
Source Process:!3 " MSGProcessName, 
DestProcess:^ " MSGProcessName); 

! Other ^or:nats,; 

NoOpFormat <- 
F0RMAT(Lergth:ShortIr.t(2),  Command: ProtocoiCcde( 1)); 

EchoFormat <- 
F0RMAT(Ler.gth:ShortInt(2), 

Command: ProtocolCode(1), 
Data:ANY(l)); 

EchoReplyFormat <- 
F0RMAT(Length:ShortIr.t(2), 

Command:ProtocolCodeC1), 
DQta:ANY(1)); 

ExpFormat <- 
F0RMAT(Ler.gth:ShortInt(2), 

CoTimand: ProtocolCode( 1), 
FunctiomANYf1)); 
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SendStatusFomat <- 
FORMAT(Ler3th:Short Ir.t(2), 

CoiTunar.d: ProtocolCode( 1), 
SourcelD:TransactionID(2), 
SourcsProcess: ~ MSGProcsssNaTie, 
DestProcess:" MSGProcessNane); 

StatusOkFornat <- 
F0RMAT(Ler.gtii:ShortIr.t(2), 

Cou-nard: ProtocoiCode( 1), 
SDurceID:Tr3r.sactior.ID(2), 
SourceProccss:"" MSGProcessNj.ne, 
DestProcess:" MSGProcessNane, 
Status: —); 

StatusRejFormat <- 
FOR;4AT(Leri3th:ShortInt(2), 

Conmar.d: Pro toco 1 Cod e( 1), 
Source IDiTrar.sactior 10(2), 
Reason:ReasonG^de(2), 
SourceP-ocess:" MSGProc^ssNan*, 
DestProcess:" MSGProcessName); 

CloseFormat <- 
F0RMAT(Ler.gth:ShortIr.t(2), 

Commard: ProtocolCodeC 1), 
Reason :Reasor.Gode(2)); 

SynchFonnat <- 
FORMAT (Lergth: Short Ir.t (2), 

Command:ProtocolGode( 1), 
Mylncarnation: Short Ir.t (2), 
Your Incarnation: Short Ir.t (2), 
Version :ShortIr.t(2)); 

PtclErrFormat <- \ 
FORMATCLergth: Short Ir.t(2), 

Command;ProtocolCodeC1), 
ErrorOxle: Short Ir.t (2), 
BadTransaction:—); 

>^-—.- - -.~ 'mi ^..-.^-^^^. 
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! The ProcessN3'ne format.   ; 

MSGProcassName <- 
FORMATdr.carr.ation:^ ShortIr.t(2), 

Instanced ShortInt(2), 
GerericNane:9 * GenericClass); 

GenericClass <- 
» 

GenericClass is the routine invoked to parse the GorericNama field. 
The Ger.ericName field has a conditional structure, unlike other 
fields. If Lhe first byte of ehe field is greater than 127 then 
it is a generic cod;?, and there is no more to the field. If it is 
less than or equal to 127 it is th3 length of 3 text string naming 
the class, with the text bytes following.'; 

NetBuffer <- 

!   NetBuffer is the data structure usei to buffer incoming and 
outgoing network data. Dr:ta is tha actual network data 
(2273 is the maximum r.unber of bytes in the longest possible 
item). Channel is the network channel used for transfers to 
and from the buffer. Host is the target host. Scan is a 
pointer to the last byte read or written (it is advanced 
by the <ii, ;;> and i operators as they process fields). 
Bead  points to the last byta RECEIVEd from the network. 

' »/ 
,STRUCT(Data:VECTOn(2273,   NetByte), 

Channel: Gi am el Handle, 
Host:HostCode, 
Scan:Integer, 
Read:Integer)'; 

NetReceive Item <- 
» 

! Net RaceiveItem reads a complete protocol item into the NetBuffer passed 
! to it. It RECEIVES the first Ivo  bytes (the length of the item) and 
! then RECEIVES the rest. If either a protocol error is detected 
! or a channel error occurs, an error ReasonCode is returned.'; 
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N?tSer.dIte'n <- 

N-tSer.dlte-n SENDs th3 protocol item ir. the N?tBuffer c 
If a char.nel error occurs, FALSE is returned.'; 

passed to it. 
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Protocol input routines 

Protocol Input <- 

ProtocolIr.put waits until either there is a new channel for 
it to listen to, or there is activity on one of the channels 
already assigned to lt.    Wien a channel b3Comes active,  the 
routine inputs 3 protocol  iten and dispatches to the proper 
specialized item handler. 

•  »/ 
EXPR(Ego:ServerHandle) 

BEGIN 
DECL b:Nf3tBuffer LIKE AllocateNetBufferC); 
REPEAT 

BEGIN 
DECL SignalorrUNIONCGranneUlandle,  SignalType) LIKE 

WAIT({ Ego.CnannelS,  Ejo.rt'akeüpSigril  }); 
Signaler = Ego.WakeUpSignal => NOTHING; 
B.Channel <- Si^raior; 
B.HDst <- GetHostFromChanneKB.Channel); 
DECL ResultiRsasonCoda LIKE NetReceiveltenO); 
Result = "Protocol  Error" => ProtocoIError(B); 
Result = "Channel Error" => 

FKGIN 
DECL LocalSocket:3ocket LIKE 

GetSocketFromChar.nelCB. Channel); 
CHCLOSE(B.Channel); 
Ds ass ign.MSG In put Socket (Local Socket); 
SeizevEgo); 
RetnoveCEgo.Channels,  B.Channel); 
NulKEgo.Channels) => 

BEGIN 
DECL Restart:Cor.tactHandle LIKE 

Allocate(Cor.tactHandle); 
DECL ThisHost:HostH3ndle LIKE 

SeizeHDst(B.Bost); 
Restart.ProtocolCbmmand <- "Start ICP"; 
Restart. RemoteBDSt <- ThisPbst; 
Deliver(Restart, ThisHost); 
Release(Restart); 
Release(ThisHost); 

END; 
Release(Ego); 

END; 
II  Header; 
CASE[}  Conmand] 

["MESS"] => InputMess(B); 

liWiliiiilTiitiiiii.iTi'i-irfliririii'TO-iriiitJr" Tirrinn""-" ^■v^-^^,    -.r.,^:^ . .,.,.,,^^„^„^ .,,, . ^..j.^. .. _ 



Abstract hbdel of N!SG 
Nbdule REMOTE 

149 

["MESS-OK"]  => InputMessOkCB); 
["MESS-REJ"] => InpucK3ssRej(ö); 
["MESS-HOLD"]  r> Ir.putr49SsHold(B); 
[wHOLD-OK"] => Ir.putHoldOk(B); 
["MESS-CANCEL"] => Ir.putMessCjr.cel(B); 
["^IT"]  => Ir.putXTiitCB); 
["ALARM"] => IrpuwAlarn(B); 
["ALARM"] => Ir.putAlarmOk(B); 
["ALAR'l-REJ"]  => InputAlannRajCB); 
["CONN-OPEN"]  => Ir.putCor.r.Cper.(B); 
["CONN-CLOSE"]  => Ir.putCorrCiose(B); 
["CONN-REJ"]  => InputCorn Rej(B); 
TRUE => ProtocolError(B); 

END; 
END; 

END; 
END; 

 ^ ^ — - 
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The followirg routines parse protocol items ar.d convert them to the 
appropriate ir.terr.al data structures. They verify lengths, generic 
codes ar.d ir.carr.ation r.unbers, ar.d supply host in forma tier. 

InputMess <- 

InputMess, in addition to the usual input functions: 
produces a MeisHandle, 
converts tha TJoQWait field, 
verifies specific/generic consistency, 
and moves the message text (via InputMessText) from the 
NetBuffer into the MessHandle. If InputMessText cannot 
allocate storage for the text, it is left nur. 

V 
EXPR(B:NetBuffer) 

BEGIN 
DECL MßiMessBlock; 
MB <!1  MessFormat; 
MB.Q^ait <- NOT  |  NoQ^ait; 
B.Scan //  I   FirstByte -> ProtocolError(B); 
EncodeGenericClassCMB.SourceProcess.GenericName)  //> 

Protocol Error (B); 
EncodeGenericClassCMB.DestProcess.GenericName)   //> 

Protocol Error(B); 
MB.SaurceProcess.lbst <- B.hbst; 
MB.DestProcess.Host <- LocalB^st; 
DECL MH:MessHar.dle LIKE 

Allocate(MessHandle, MB) /»  »implicit Seize»; 
MH.Dest Process. Incarnation if Local Incarnation. => 

BEGIN 
SendMESS\REJ(MH, 

"Bad incarnation number on destination process"); 
ReleaseCMH); 

END; 
BEGIN 

NulKMH.Dest Process. Instance)  => 
NOT MH.IsGeneric OR MH.IsSequenced OR MH.IsMarked; 

MH.IsGeneric OR QWait; 
END => 

BEGIN 
SendMESS\R£J(MH, 

"Destination name/handling - generic/specific 
mismatch"); 

Release(MH); 
END; 

MH.TextLength <-  I Ungth - |  FirstByte; 
InputMessText(B, MH); 
EnQInputMessCMH); 
Free(MH); 

END; 

■a inwiirMfliiiirii    -^ .   ^ 
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InputMessOk <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL MB:MessBlock; 
MB <!1 MessOkFormat; 
FormatError(3,  M3)  => NOTHING; 
MB.SourceProcess.Host <- LocalHost; 
MB.DestProcess.fbst <- B.HDSt; 
RecordM£S3\0K(MB); 

END; 

InputMessRej <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL MB:Mess Block; 
MB <I| MessRejFornat; 
FormatError(B, MB) => NOTHING; 
MB.SourceProcess.H-ost <- LocalHost; 
MB.DestProcess.hbst <- B.H^st; 
RecordMESS\R£J(M3); 

END; 

InputMessHold <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL MBiMessBIock; 
MB <|i  MessHoidFornat; 
FormatError(B, MB)  => NOTHING; 
MB.SojrceProcess.Host <- LocalHost; 
MB.DestProcess.Host <- B.BDSt; 
RecordME3S\H0LD(NB); 

END; 

InputHoldOk <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL MBiMessBIock; 
MB <!! HoldOkForrnat; 
FormatError(3,  MB)  r> NOTHING; 
MB.SourceProcess.Host <- 3.Host; 
MB.DestProcess.fest <- LocalHost; 
RecordH0LD\0K(MB); 

END; 
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Ir.putMv333Car.cel <- 
EXPR(D:NecBuffer) 

BEGIN 
DECL MB:MessBlock; 
MB <;i MessCarcelFornat; 
FormatError(3, MB) => NOTHING; 
MB.SourceProcess.Host <- 3.bbst; 
MB.DestProcess.Host <- Localhbst; 

- RscordMESSNCANCEKMB); 
END; 

InputXnlt <- 
EXPR(B:NecBuffer) 

BEGIN 
[FXL MB: Mess Block; 
MB <|1 XmttFonnat; 
FormatError(3,  MB)  => NOTHING; 
MB.SourceProcess.Host <- LocalHost; 
MB.DestProcess.Host <- B.B^st; 
RecordXMIT(MB); 

END; 

IrputAIarn,  ir additior. to the usual irput fumtior.s: 
produces an AlannHar.dle. 

In put Al am <- 
i 

I 
i 
t 

» »/ 
EXPR(B:NstBuffer) 

BEGIN 
DECL AB:AlarnBlock; 
AB <! 1  AlamFormat; 
Ler.gthError(B)  => ProtocolError(B); 
EhcodeGerer icClassC AB. Source Process. GenericNarae) //> 

ProtocolError(B); 
BncodeGer.ericCIassCAB.DestProcess.GerericName) //> 

ProtocolError(B); 
AB.SourceProcess.Host <- B.H^st; 
AB.DestProcess.Host <- LocalHost; 
DECL AH:AlarmHar.dle UKE 

AllocateCAlarmHandle, AB) /»  'implicit Seize1; 
AH. DestProcess. Ir.carr.ation 4 Local Incarnation => 

BEGIN 
Ser.dALARM\REJ(AH, 

"Bad incarration nunber on destination process"); 
Free(AH); 

END; 
EnQInputAlarm(AH); 
Free(AH); 

END; 

■—am - i ni 
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InputAlarmOk <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL ABrAlarnBlock; 
AB <11 AlarmOkFornat; 
FormatErrorCB,  AB)  => NOTHING; 
AB.SourceProcess.Host <- LocalHost; 
AB.DestProcess.tost <- B.H^st; 
RecordALARMNOKCAB); 

END; 

InputAlarmRej <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL ABrAlarnBlock; 
AB <11 AlamRejFomat; 
FormatErrorCB, AB) => NOTHING; 
AB.SourceProcess.Host <- LocalHost; 
A3.DestProcess.H^st <- B.B^st; 
RecordALARMNRSJCAB); 

END; 

InputCorr.C^en <- 
i 

! In put Corn Open,  ir. additior. to the usual  ir.put functions: 
! produces a Conn Handle, 
! converts MSG connection types to internal  -nes, 
! verifies connection type (ore and only one), 
! and verifies byüesize range. 
t 

*'  »/ 
EXPR(B:NetBuffer) 

BEGIN 
DECL Duplex,  Send,   Receive,  ServerTelnet,  UserTelnetrBOOL; 
DECL CB:ConnBlock; 
CB < 11   Conn Open Fomat; 
IXiplex <-  1  Type\duplex; 
Send <-  |  TypeNserd; 
Receive <-  | TypeXreceive; 
ServerTelnet <-   |  TypeXServerTELNET; 
UserTelnet <-  j TypeXUserTELNET; 
C.ConnType <- 

BEGIN 
UserTelnet => "UserTELNET"; 
ServerTelnet => "ServerTELNET"; 
"Binary"; 

END; 
C.ConnDirection <- 

0 Send => "Out"; Receive => "In";  MInOutM  (]; 
Length£rror(B)  => Protocol Error(B); 
EncodeGenericClassCCB.SourceProcess.GenericName)  //> 

ProtocolError(B); 
EncodeGenericClass(CB.DestProcess.GenericNa'ne)  Ü> 

ProtocolError(B); 

- ■■,.J^T.r.J.^^^0v^a» 
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CB.SourceProcess.Host <- B.Host; 
CB.DestProcess.H^st <- Locallbst; 
D£CL CH:CorrHardle SH\RED 

! AllocateC Corn Handle,  CB) /»  'i-nplicit Seize'; 
CH.C^stProciss.Ircarr.atior. Ü LocalIncarr.atior. => 

BEGIN 
Ser.dCONNXREJCCH, 

"Bad ir.carr.ation r.unber or. destir.ation process"); 
Free(CH); 

END; 
[) Duplex =>  1; 0 (] + [) Sard =>  1; 0 (] + 

[) Receive =>  1;  0 (] + [) ServerTelr.et =>  1; 0 (] ♦ 
0 UserTelr.et => 1; 0 (] /?  1 => 
BEGIN 

SendCONNXREJCCH, "Invalid cor.r.ectior. type"); 
Free(CH); 

END; 
CH.Corr.Bytesize GT MaxrnjnCor.r.Bytesize - 

BEGIN 
SendCONNNREJCCH, "Invalid connection byte size"); 
Free(CH); 

END; 
EnQInputOper.Conr.CCH); 
Free(CH); 

END; 

In putCornClose <- 
EXPR(B:Net3uffer) 

BEGIN 
DECL CB:Cor.r.Block; 
CB<;,1 Corn Close Format; 
LengthError(B)  => ProtocolError(B); 
ErcodeGer.ericClass(CB.SourceProcess.GenericName) //> 

ProtocolError(B); 
EncodeGenericCLass(CB.DesuProcess.GenericName)  it> 

ProtocolError(B); 
CB,SourceProcess.Host <- B.Bost; 
CB.DestProcess.Host <- LocalHost; 

| DECL CH:ConnHandle LIKE 
! AllocateCGonr.Handle, CB) /» 'Implicit Seize'; 

CH.DestProcess.Incarnation // LocalIncarnatior => 
BEGIN 

SendCONN\R£J(CH, 
"Bad incarnation number on destination process"); 

Free(CH); 
END; 

Er.QInputCloseConn(CH); 
END; 

.-  , iYr-,-i-7f~7  l
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InputCorr.Raj <- 
EXPR(B:NetBuffer) 

BEGIN 
DECL CB:CornBlock; 
Cß <!1  CorrR^JFornat; 
FormatErrorCB, C3) => N'OTHI.'iG; 
CB.S0urcePr0c3ss.H0st <- B.^bst; 
CB.DestProcess.Fbst <- LocalFbst; 
RscordCONNXREJCCB); 

END; 

FonnatError <- 

FonnatError verifies ler-ths, generic codes ar.d ir.carratior 
nunbers. 

•  »/ 
EXPiUBiNetBüffer, TBiTrarsactiorBlock;  BOOL) 

BEGIN 
Ler.gthErrorCB)   =>  [) ProtocoIError(B);  FALSE (]; 
EhcodeGerer icCl ass (TB. Source Process. Generic Name) //> 

C) ProtocolError(B);  FALSE (]; 
ETiCodeGer.ericCl ass (TB.Dest Process. Generic Name) //> 

[) ProtocolError(B); FALSE (]; 
TB. Tost Process. Incarnatior. // Local Irca-'-   tior, => FALSE; 

END; 

LergthError <- 
t 

Length Errors result from discrepancies between the official 
count sent by MSG and actual data parsed.    If the official 
count is long then B.Scan will be less than B.Read.     If it 
is short B.Scan will be greater than B.Read,   the parsing 
routines advancing B.Scan past B.Read without reading. 

1  V EXPR(B:NetBuffer; BOOL)  B.Scar  // B.Read; 

ProtocolError <- 

! ProtocolError arranges the sending of a PtclD r item based on the 
! NetBuffer passed to it.'; 
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Protocol output routines 

Protocol Output <- 
i 

Protocol Output Wilts ur.til it       SIGN., .ed,  then loops through 
its delivery qjsue, removes erories ar.d dispatches to the 
appropriate output routine.    The entries are then dequeued. 

V 
EXPiUEso:Server Handle) 

BEGIN 
DÜCL B:N»tBuffer LIK^ AUocateNetBufferO; 
DECL QEr.try iTrar.sactionHandle; 
SeizeCE^o.DeliveryQ); 
REPEAT " 

Null(Ego.Delive»-yO) -> 
BEGIN 

Ego.Running <- FALSE; 
ReleaseCEgo.DeliveryQ); 
WAIT({ Ego.WakeUpSigr.al  }); 
SeizeCEgo.DeliveryQ); 

END; 
BEGIN 

Null(Ego.ColiveryQ)  => NOTHING; 
QEr.try <- Frort(Ego,Dellvery3); 
DECL IsS3izeJ:BXL LIKE TestSeizeCQEntry); 
Release(Ego.Delivery3); 

I NO! IsS3ized => 
| [) Pause(SeizeWait);  Seize(E^o.Deli. eryQ)  (j; 

CASE[QEntry.ProtocolConmandj 
tMMESSH] => OutputMsssCQEr.try, 

nN 
> y 

["MESS-OK"] => OutputMessOkCJEntry,  3); 
["MES3-REJM] => OutputMessRejCQErtry,  B); 
["MESS-HOLD"] => OutputMessHoldCQEr.try,  B); 
[»»HOLD-OK^J => OutputHoldOkCQEntry,  B); 
["MESS-CANCEL"] => OutputMessCanceKQEntry,  B); 
[t.vMITti] .> OutputXmit(QEr.try,  B); 
[        ^1"]  => OutputAlarnCQEntry,  B); 
["A.    1-OK"] => OutputAlarmOkCQEntry,  B); 
["ALA      ^EJ"] => OutputAlarnRajCQEntry, B); 
["CONN-OPEN"] => OutputConnOper.(QEr.try,  B); 
["CONN-CLOSE"] => OutputCor.rXloseCQEntry, 3); 
["CONN-REJ"] => OjtputConnRejCQEr.try,  B); 
["Start ICP"],  ["Finish ICP"]  => 

Newtbst(Release(QEr.try),  B); 
TRUE => MSGErrorCBaJ protocol contnard'); 

END; 
QEntry.ProtocolCorrimand = "Start ICP" OR 
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Qtntry.ProtocolCmnar.J = "Finish ICP" => NOTHI 
| 1  Header; 
I Ler.gth <- 3.Scan; 
DECL HH:HostHandle LIKE SeizeHDStCB.Pfost); 
B.Channel <- First(HH.Cnar.r.elS); 
NetSer.dltem(B)   0 

BEGIN 
DECL Local Socket:Socket LIKE 

GetSockstFromCharneKB.Channel); 
CHCLOSE(3.Gunnel); 
Deassi^nMSGOutputSDcketCLocalSocket); 
RsmoveCHH.Gianr.eiS, B.Channel); 
NJIKHH.Channels) => 

BEGIN 
DECL Restart:CortactHandle LIKE 

AllocateCContactHandle); 
Seize(E;o.DeliveryQ); 
Restart.ProtocolC^-nand <- "Start ICP"; 
Restart-,ReTioteHost <- HH; 
EnQAtFrontCEso.DeliveryQ,  Restart); 
Release(Ego.DeliveryQ); 
Release(Restart); 
Release(HH); 

END; 
Release(HH); 

END; 
ReleaseCHH); 
QEir.try. Protocol Conmard <- Null Protocol Comnard; 
SeizeCEgo.DeliveryQ); 
DeQCEgo.DeliveryQ, QEr.try); 
Free(QEntry); 

END; 
END; 

END; 
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» 

! The followirg routir.es corvert ir.terr.nl data structures to 
! protocol ite:ns ard datennir.a the target host. 

f 

(Xitput^jess <- 

! OjtputHass,  ir. aJditior. to the usual output functions: 
! cor.verts tha NoQ^ait field, 
! sets trie FirstPyte field, 
! and moves the message text  from the MessHardle to the 
! NetBuffer (via OutputMessText). 

1  V 
EXPR(M:MessHardle.   D:NetBuffer SlIARED) 

BEGIN 
M ! 1> MessFormat; 
I   Conmand <- "MESS"; 
1  NoQvfcit <- NOT M.gWiit; 
I  FirstByce <- 3.Scar; 
B.Fbst <- M.DestProcess.Hast; 
OutpjtMessTextCB,  MrO; 

EID; 

CXJtputMessOk <- 
EXPRCMiMessHardle,   3:NecBuffer SHARED) 

BEGIN 
M  I|> MessCkFormat; 
I   Commard <- "ME3S-0K"; 
B.hbst <- M.SaurcePr-ocess.Host; 

END; 

Output Mess Re j <- 
EXPR(M:Mi3sHardle, B:NatBuffer SHARED) 

BEGIN 
M li> MessRejFormat; 
I  Comnar.d <- "MESS-REJ"; 
B.Host <- M.SourceProcess.Host; 

END; 

OjtputMessHold <- 
£XPR(M:MessHardle,  B;NetBuffer SHARED) 

BEGIN 
M | !> Mes:     1dFomat; 
I  Command  s~ "MESS-HOLD"; 
B.HDSt <- M.SourceProcess.Host; 

END; 
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OutputHoldOK <- 
EXPR(M:MessHir.dl3,   B:NetBufTer SHARED) 

BEGIN 
M ||> HoldOKFormat; 
I  Command <- "HOLD-OK"; 
B.lbst <- M.DescProcess.liDSt; 

END; 

OutputMessCancel <- 
EXPRCMiMessHar.dle,  B:N3tBuffer SHARED) 

BEGIN 
M 11> tessCar.cilFomat; 
|   Comar.d <- "MESS-CANCEL"; 
BJbst <- M.DestProcess,Host; 

END; 

OutputXiTiit <- 
EXPR(M:MessHar.dle,  B:NetBuffer SHARED) 

BEGIN 
M ! |> XmtFormat; 
!  Command <- "XMIT"; 
B.HDSI <- M. Source Process. Ii>st; 

END; 

OutputAlam <- 
EXPR(A:AIarnHjr.dIe,  B:N2tBuffer SHARED) 

BEGIN 
A I!> AlarmFormat; 
•  Command <- "ALARM"; 
B.Host <- A.DestProcess.Host; 

END; 

OutputAlannOk <- 
EXPR(A:AlarmHardle,  B:NetBuffer SHARED) 

BEGIN 
A I!> AlarmOkFormat; 
! Command <- "ALARM-OK"; 
B.Fbst <- A.SourceProcess.tost; 

END; 

CutputAlarmRej <- 
EXPR(A:AlannHandle, B:NetBuffer SHARED) 

BEGIN 
A  ||> AlannRejFornat; 
I   Conmar.d <- "ALARM-REJ"; 
B.Host <- A.SourceProcess.Hose; 

END; 
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NbJule RE-IOTE 

OütpütCor.r.Cper. <- 
i 

! OitputCorrOpen,  ir. additior. to the usual output fur.ctior.s: 
! ccrverts ir.terr.al corrcctior. types to M3G ores. 
» 
*•  »/ 

EXPR(C:Cor.r.Har.dlef B:MetBuffer SHARED) 
BEGIN 

C 11> CorrOper.Fonnat; 
; TypeXduplex <- 

C.CorrType = "Birary"  AtlD C.O^rrDirection. = "InCXit"; 
TypeXserd <- C.CornDirectior = "Cut"; 
TypeXreceive <-   l.CorrDirection = "Ir"; 
TypeXServerTELMET <- C.Cor.r.Type = "ServerTELNET"; 
TypeXUserTELNET <- C.Cor.nTyps = "Us er TELNET"; 
Coainar.d <- "CONN-OPEN"; 

B.Ffost <- C.DestProcess.Host; 
END; 

OutputCor.r.C'ose <- 
EXPR(C:Cor.r.Har,dle,  BiNetBuffer SHARED) 

BEGIN 
C I !> CornCloseFomat; 
I  Command <- "CONN-CLOSE"; 
B.Host <- C.DestProcess.ttost; 

END; 

OutputCorn Rej <- 
EXPR(C:ConnHandle, BiNetEuffer SHARED) 

BEGIN 
C !!> ConnRejFormat; 
|  Cofrmnru <- "CONN-REJ"; 
B.Host <- C.DestProcess.HcDst; 

END; 
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ICP routines 

Receive ICP requ3st 
OPEN ICP CHANNEL 
GET HOST AND SOCKET FROM CHANNEL HANDLE 
AUTHENTICATE: — STJP IF FAILURE 
GET LOCAL SOCKET FROM SYSTEM 
SEND LOCAL SOCKET 
CLOSE ICP CHANNEL 
OPEN REMOTE CHANNEL(S) ON LOCAL SOCKET 
RECEIVE ST.IZH 
SEND SYNCH 
KILL OLD TRAFFIC 

Ser     ICP requBSt 
GET LOCAL SOCKET FROM SYSTEM 
OPEN  ICP CHANNEL CM LOCAL SOCKET >- STOP IF FAILURE 
(HANDLE AUTHENTICATION) 
RECEIVE REMOTE SOCKET 
CLOSE  ICP CHANNEL 
OPEN REMOTE CHANNEL(S) ON LOCAL SOCKET 
SEND SYNCH 
RECEIVE SYNCH 
KILL OLD TRAFFIC; 

ICPHar.dler <- 
i 

ICPHar.dler is the main rout ire of the ICP handling path. It 
waits until another entity initiates contact, verifies that 
entity as an MSG, establishes the remote and local sockets to 
be used in the permanent connection, creates host and servers 
if nonexistent, and notifies the network output server that a 
connection should be opened. 

»/ 
EXPRO 

REPEAT 
BEGIN 

DECL ICPCharnel: Channel Handle LIKE 
CHOPEN(MakeId(0,  0,   ICPSocket), "Out",  "Binary",  32) 

/*  »This blocks until someone connects.*; 
DECL RenoteHost:HostCode LIKE 

GetFbstFromChannel(ICPChannel); 
DECL RemoteSockec:Socket LIKE 

GetSocketFromChannel(ICPChannel); 
Authenticate(Re.noteH;)st, RemoteSocket)  lt> 

CHCLOSECICPChannel); 

t „^^f^--^ —= -..„,-, 
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DECL LocalSockstiSorket LIKE Assi^rMSCSocketO; 
SEND(LocülS:cket,   ICPGiür.r.el); 
CHCLOSEdCPChar.r.el); 
DECL RamoteHar:dle:H3stHardle LIKE 

SeizeHostCRenoteH-ost); 
Null(R-not.-Hardle) -> 

BEGKi 
Re-noteHardle <- 

AllocateCHostHardle)        /* 'implicit seize'; 
RatioteHardle.H^st <- Re-notehbst; 
RemcteHar.dle. Ir putSarver <- 

AllocateNetlrputServerCRemoteBDSt); 
RamoteHdr.dle.DeliveryServer <- 

Allocat?NretOutpUwoerver(Re-noterbst); 
END; 

DECL Fir.ishCcrtact:CortactHar.dle LIKE 
AllocateCCortactHar.dle); 

FirishCortact.Renotefbst <- R-amoteHandle; 
FirishCor.tact.HMioteSocKet <- 

Remote Socket -»-2       /*  'Newrbst uses RemoteSocket as input socket1; 
FirishCor.tact.LocalSDckct <- 

LocalSocket - 2 /»  'Newest uses LocalSocket+2 as input socket'; 
FinishCortact.ProtocolCoiiimar.d <- "Firish ICP"; 
DellverC Fir ishCor tact,  Remote Hard le); 
ReleasaCFirishCortact); 
ReleaseCRamoteHar.dle); 

END; 
END; 

Authenticate <- 

Autherticate verifies that the entity initiating an ICP is indeed ar 
MSG.    It checks that the remote socket used in the ICP is a valid 
M5G socket by contacting the remote MSG through its authentication 
socket and receiving the ran3e or list of that MSGs sockets.'; 
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SeizeHostHar.dle <- 

SeizeHostHar.dle is called fron the user call server. It rot 
or.ly seizes tne har.dle of the host code passed to it, but 
also ir.itiates cor.tact with chat host if it is urkrowr.. 
If th3 bDSt is new the routir.e creates host and servers ar.d 
notifies the network output server that a correction should 
be opened. 

V 
EXPR(Re'TioteHost:HostCode; HostHardle) 

BEGIN 
DECL R-noteHar.dle:HostHar.dle LIKE SeizeHostCRe.noteHost); 
NOT Null(Re.noteHar.dle)  => RenoteHardle; 
RenoteHandle <- 

Allocate(HostHar.dle) /»  ' implicit seize1; 
RemoteHardle.l-bst <- RemoteHost; 
RemoteBardle.Ir.putServer <- 

AllocateN?tIr.putS3rver(RemoteHost); 
ReraoteHar.dle. Delivery Server <- 

AllocateNet0utputS2rver(R9iioteHost); 
DECL StartContact: Contact Har.dle LIKE 

AllocateCCortactHandle); 
StartContact.Remotehtost <- RemoteHardie; 
StartContact.ProtocolCo.Tmand <- "Start ICP"; 
DeliverCStartCortact,  Remote Handle); 
RaleaseCStartContact); 
RemoteHandle; 

END; 

SeizeHost <- 

SeizeHost finds (in HostS) and seizes the host handle of the 
host code passed to it. If no har.dle is found, a r.ull handle 
is returned. 

»/ 
EXPR(HC:HostCode; HostHardle) 

FOREACH HH IN  W 5tS 
DO HH.Host = HC => Seize(HH);  NullHostHandle END; 

  „ _.  i .  
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NewHost <- 

NewHost establishes 3 pennar.er.t cor.r.ectior. with a remote MSG. 
It is called from ProtocolOutput. If the desire for the 
cornectior. be^ar. locally ar ICP request is na^e or. tha renote 
M3G. Ihe input and output cor.r.ectior.s are opei.ed ar.d 
inserted ir. the proper channel sets, synchrorization 
Informatior is excharged, transactions addressed to a prior 
incarnation of the renote MSG are cancelled, and the input 
server is signalled that a new connection exists. If the 
connections cannot be opened, HostDead action is perfonned. 

*/ 
EXPR(Contact:ContactHandle,  B:NetBuffer) 

BEGIN 
Contact.ProtocolCommand = "Start ICP" -> 

Requ^stlCPCContact); 
NulKRemoteSocket) => B^st Died (Con tact); 
DECL InputChannelrCnanneiHandle LIKE 

CHOPENCMikeldC Contact. Re-noteB^st. Host, 
Contact.RemoteSocket -»-  1, 
Contact.LocalSocket + 2), "In", "Binary", 

8); 
Null(InputCaanr.ei)  => BastDied(Contact); 
DECL OutputchanneliChannelHandle LlKg 

CHOPEIKMakeldCContact.Remotetbst.HDSt, 
Contact.RemoteSocket, 
Contact.LocalSocket + 3), "Out", 

"Binary",  8); 
Null(OutputChannel)  => 

[) CHCLOSEdnputChanrel); HostDiedCContact)   (]; 
Syr.chrorize( Contact,   Ir. put Channel,  OutputChannel,  B)  //> 

BEGIN 
CHCLOSE(InputChar.nel); 
CHCLOSE(OutputCharnel); 
HostDied(Contact); 

END; 
DECL RemotetostitostHardle LIKE 

Seize(Cor.tact.RemoteHost); 
InsertCRemoteHost.Connections, OutputChannel); 
DECL InputServeriServerHandle LIKE 

Seize(RenoteBost.Ir.puLServer); 
Insert(InputServer.Channels,  InputChannel); 
Release (Ir.put Server); 
Release(RemoteHost); 
DECL Q:Queue(TransactionHandle) LIKE 

RemoteHost.DeliveryServer.DeliveryQ; 
Seize(Q); 
SeizeCContact); 
DeQ(Qt  Contact); 
Free(Contact); 
FOREACH T IN Q 

DO 
DECL D:UNION(ProcessName, tbstHandlf ) LIKE 
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ReinoteDest(T); 
D.fbst  =  RsmoteHDSt.rbst AND 

D.Incarnation /•' Re.TioteHost.Incarnation -> 
REPEAT 

DECL Success:BXL LIKE 
BEGIN 

TestScizc(T) => HostDeadTransactionCT): 
FALSE; 

END; 
Success => NOTHING; 
ReleassCQ); 
Pause(SeizcWait); 
Seize(3); 

END; 
END; 

Release(3); 
SIGNALdnputServer.WakelipSignal); 

END; 

RequestlCP <- 

RequestlCP, colled fro:n NewHost, establishes the local ar.d 
remote sockets to ba  used in a network connection with a 
remote host ir. respor.se to the desire of a user to contact 
a process en that host. Tne remote socket is obtained from 
the ICP hardier of the host. If the host is down the ^emote 
socket is left null. 

»/ 

EXPR(StartContact:ContactHandle) 
BEGIN 

StartContact.LocalSocket <- AssigrMSCSocketO; 
DECL ICFOiannelrChanneiHandle LIKE 

CHOPEN(MakeId(StartCortact.Remote^DSt.Bost,   ICPSocket, 
StartOontact.LocalSocket),  "In", 

"Binary",   32); 
Null(ICPChannel)  => NOTHING; 
»AuthenticationHandler  is consulted now by remote MSGf; 
Abnormal(RECEIVE(StartContact.RemoteSocket,   ICPChanneD) => 

NOTHING; 
CHCLOSEC ICPChanneD; 

END; 
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HostDiei <- 
HostDiei clears ap wtien a remote host proves unreachable.    The 
local socket assi^red to the aborted correction is freed and, 
if there are ro other paths to the host, transactions 
addressed to it are cancelled. 

EXPR(C:ContactHandle) 
BEGIN 

DeassigrMSGSocketCC.Local^ocket); 
NOT NulUC.Re-noteHDSt.Channels)  => NOTHING; 
DECL QiQueaeCTransactionHandle) LIKE 

C.Rsmotelbst.Di Livery Server. Del iveryQ; 

Seize(Q); 
FOREACH T IN Q 

DO 
BEGIN 

T.ProtocolCo'nmand = "Start ICP" OR 
T. Protocol Command = "Finish ICP" => 
BEGIN 

T.RamotertDst = C.RemoteHost => 
[) SeizeCT); DeQCQ, T); FreeCT)  (]; 

END; 
RemoteI>33tCT).lbst = C.RemoteHost.Host -> 

REPEAT 
DtlCL Success:BOOL LIKE 

BEGIN 
TestSelzeCT) -> HostDeadTransactionCT); 

FALSE; 
END; 

Success => [) DeQCQ, T); FreeCT) (1; 

ReleaseCQ); 
Pause(SeizeWait); 
SeizeCQ); 

END; 
END; 

END; 
ReleaseCQ); 

END; 
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R2.noteDe3t <- 

RemoteDeat returns the process r.a-ne of the process to -which 
the giver, trar.saction is addressed. The name contains the 
host and incarnation nimber. 

»/ 
EXPR(T:Trar.sactior. Handle;  Process Name) 

CASECT.ProtocolG^uar.dJ 
["Start ICP"], ["Finish ICP"] => NullProcessName; 
["MESS-OK"], 

["MESS-REJ"], 
["MESS-HOLD"], 
["WIT"], 
["ALARM-OX"], 
["ALARM-REJ"] => T.Source Process; 

TRUE => T.DesiProcess; 
END; 

Synchronize <- 
i 

V 

Synchronize exchanges SYNCH infornation with the remote MSG, 
using tre channels opened by NewFbst.    The incarnation nunber 
of the re-note host is obtained  and stored in its host handle. 

EXPRCCHrContactHandle, 
IC:Channel Handle, 
0C:Ch3nnelHardle, 
B:NetBuffer; 
BOOL) 

BEGIN 
DECL Successful:BOOL; 
I I  SynchFomat; 
B.Host <- CH.R^oteHost.Host; 
FOR I TO 2 

REPEAT 
BEGIN 

CH.ProtocolCo-nmand = "Suart ICP" AND I =  1 OR 
CH.ProtocolConmand = "Finish ICP" AND I = 2 => 
BEGIN 

I  Coranand <- "SYNCH"; 
I MyIncarnation <- MSGIncarnation; 
I Your Incarnation. <- 

[) I = 1 => 0; CH.Re;TioteHost.Incarnation (]; 
!  Version <- MSG Version; 
I Length <- B.Scan; 
B.Channel <- OC; 
Successful <- NetSendltem(B); 

END; 
B.Channel <- IC; 
DECL Result:ReasonCode LIKE NetReceiveltemCB); 
Successful <- 

Result // "Normal" OR  I  Comnand // "SYNCH" OR 
j Version // MSGVERSION //> NOTHING; 
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Autherticatior.Har.dler <- 

Auth3r.ticjtior.Hjr.dler sends out MSG socket verificatior 
Information  ir, rcsp-orse to requests for it.    Such requests 
are sti-nulateJ by RuquestlCP. 

V 
EXPRO 

RESLuther.tic3tionG.arrel^arr.el^ 
CH0PElHM3keId(0,  0,  Auther.ticatiorSo 

"Out", 
»Binary'1, 
32)* 

SENDCMSGSocketRanie, AutherticatiorCharr.el); 
CHCLOSEUuthenticationCnannel), 

END; 
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